The composition and thermodynamic properties of the products of cyanogen-oxygen combustion by Schexnayder, C. J., Jr.
N A S A  TECHNICAL NOTE e-- NASA TN --I 
It. /
I D-2422 _- 
THE COMPOSITION AND THERMODYNAMIC 
PROPERTIES OF THE PRODUCTS 
OF CYANOGEN-OXYGEN COMBUSTION 
by Charles J. Schexnayder, Jr. 
Langley Resedrch Center 
La ngey Station, Hampton, Va. 
N A T I O N A L  AERONAUTICS A N D  SPACE A D M I N I S T R A T I O N  WASHINGTON,  D. C. AUGUST 1964 
https://ntrs.nasa.gov/search.jsp?R=19640018010 2020-03-24T06:29:31+00:00Z
TECH LIBRARY KAFB. NM 
THE COMPOSITION AND THERMODYNAMIC PROPERTIES OF THE 
PRODUCTS OF CYANOGEN-OXYGEN COMBUSTION 
By C,harles J .  Schexnayder, Jr.  
Langley Research Center 
Langley Station, Hampton, Va. 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
For sole by the Off ice of Technical  Services, Department of Commerce, 
Woshington, D.C. 20230 -- Price $1.50 
THE COMPOSITION AND THERMODYNAMIC PROPERTIES O F  THE 
PRODUCTS O F  C Y A " - O X Y G E N  COMBUSTION 
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SUMMARY 
The equilibrium composition and thermodynamic proper t ies  of t h e  products 
of cyanogen-oxygen combustion a t  input  mole r a t i o s  of C,N,p/Oz from l/O.9 t o  
1/4.0, f o r  pressures  between 10-2 and LO2 atmospheres and temperatures from 
2000° t o  60000 K, are calculated by using a program developed f o r  a high-speed 
e l ec t ron ic  computer. The ca lcu la t ions  a re  based on t h e  exis tence of 11 gaseous 
species f o r  t he  computation of t h e  neutral-product concentration. The free- 
e lec t ron  concentration i s  calculated separately by using the  r e s u l t s  of t he  
computation f o r  t he  11 neu t ra l  species  and 13 add i t iona l  charge reac t ions .  
Flame temperatures a t  the d i f f e ren t  pressures  and mixture r a t i o s  are obtained 
separately by using a heat-balance technique. 
and free-electron concentrations f o r  a ce r t a in  flame temperature, reac tan t  mix- 
ture ,  and combustion pressure are obtained by graphical  in te rpola t ion  of t h e  
computer resul ts  t o  e s t a b l i s h  t h e  va r i a t ion  i n  flame composition when t h e  
oxygen concentration i s  changed i n  t h e  precombustion mixture. The thermodynamic 
da ta  based on the  neutral-species  computation a r e  presented i n  t h e  form of 
Mollier char t s  f o r  th ree  input mixtures of cyanogen and oxygen. 
I n  addi t ion t h e  n e u t r a l  species  
IWI'RODUCTION 
The determination of t h e  equilibrium composition and t h e  thermodynamic 
proper t ies  of t he  products of cyanogen-oxygen combustion i s  important i n  s tud ies  
where a high-temperature research t o o l  i s  used. The combustion products pro- 
duced (carbon monoxide and nitrogen f o r  a s toichiometr ic  1/1 mole r a t i o  flame) 
have a high degree of thermal s t a b i l i t y  so that the heat of reac t ion  l i be ra t ed  
goes i n t o  r a i s ing  t h e  temperature of t h e  gases.  The temperature produced i s  
one of t he  highest  t h a t  can be obtained by a chemical react ion.  The products 
generated have a high degree of chemical i ne r tnes s  which makes them usefu l  as a 
high-temperature t es t  medium. 
I n  recent  years  r epor t s  of severa l  s tud ies  deal ing w i t h  t h e  combustion of 
cyanogen and oxygen such as references 1 t o  7 have appeared i n  t h e  l i t e r a t u r e .  
These repor t s  a r e  concerned with experimental s tud ies  aimed a t  determining the  
cha rac t e r i s t i c s  of t h e  cyanogen-oxygen flame. Applications of t h e  flame have 
a l s o  appeared i n  the  l i t e r a t u r e ;  reference 8, f o r  example, dea l s  with an 
appl ica t ion  of t h e  f l a m e  i n  t h e  f i e l d  of ana ly t i ca l  chemistry, and reference 9 
discusses  t h e  use of t h e  flame f o r  aerodynamic-heating s tudies .  The use of t h e  
combustion products of t h e  cyanogen-oxygen flame seeded with a mater ia l  having 
a low ionizat ion po ten t i a l  such as cesium has been advanced ( ref .  10) f o r  magne- 
tohydrodynamic generator work. The cyanogen-oxygen flame reported i n  re fer -  
ence 1 1 w a s  used as a plasma source i n  studying t h e  at tenuat ion of radio s igna ls  
as they a re  t ransmit ted through t h e  flame products. The free-electron content 
of t h e  f l a m e  i s  an important f a c t o r  i n  t h e  study of reference 11. Since the  
free-electron concentration can depend on t r a c e  species  (such as n i t r i c  oxide 
(see refs. 11 t o  13)) present i n  the  combustion products, computations had t o  
be made t o  e s t a b l i s h  t h e  ove ra l l  p roper t ies  of t he  plasma and t o  e s t ab l i sh  t h e  
s e n s i t i v i t y  of t h e  free-electron concentration t o  s m a l l  changes i n  the  fue l -  
oxidant r a t i o s .  
The present repor t  i s  concerned with t h e  computation of t h e  equilibrium 
concentration of t he  neu t r a l  and charged species,  flame temperatures, and 
thermodynamic proper t ies  of t h e  products of cyanogen-oxygen combustion. Two of 
t h e  most widely used ana ly t i ca l  approaches t o  the  ca lcu la t ion  of chemical com- 
pos i t ions  are the  "equilibrium constant" method given i n  references 14 t o  16 
and t h e  "free energy" method given i n  reference 17. A comparison of these 
methods can be found i n  reference 18. With t h e  use of high-speed computers, 
programs based on these methods (see r e f s .  19 t o  23) have been w r i t t e n  f o r  
solving the  equations needed t o  ca lcu la te  chemical compositions. The i t e r a -  
t i v e  method of computing the  equilibrium composition of react ion systems 
described i n  reference 14 w a s  adapted t o  provide a program f o r  an  IBM 7090 
e lec t ronic  computer. The computations are car r ied  out f o r  a pressure range 
between 
6 0 0 0 ~  K. The precombustion mole r a t i o s  of cyanogen t o  oxygen vary from l/O.9 
t o  1/4.0. The ca lcu la t ions  a re  car r ied  out by assuming ad iaba t ic  combustion 
which takes place a t  constant pressure and produces mixtures of per fec t  gases 
i n  chemical equilibrium. 
and 102 atmospheres and f o r  a temperature range between 2000° and 
Calculated values for the  composition and flame temperature f o r  t h e  s t o i -  
chiometric 1/1 mole r a t i o  combustion of a cyanogen-oxygen mixture have appeared 
i n  references 5 ,  11, 24, 25, and 26, f o r  example; cyanogen-air-combustion cal-  
cu la t ions  have appeared i n  reference 27. Computations are presented i n  re fer -  
ences 28 and 29 f o r  a cyanogen-oxygen detonation wave a t  var ious fuel-oxidant 






number of formula weights of equivalent formula Ca T$, Oc0 
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number of moles o r  gram atoms of C per equivalent formula 
assigned value of number of atoms of C within equivalent formula 
r a t i o  of s t a t i s t i c a l  weights i n  Saha equation (eq. (38)) 
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b0 
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assigned value of number of atoms of N within equivalent formula 
number of moles o r  gram atoms of 0 per equivalent formula 
assigned value of number of atoms of 0 within equivalent formula 
reac t ion  energy f o r  T = Oo K, e lec t ron  v o l t s  
enthalpy of combustion products , kcal/mole 
sum of sensible  and chemical energy of a specie i n  a standard 
state a t  temperature T, kcal/mole 
enthalpy change due t o  formation of substance from i t s  elements i n  
standard s t a t e s ,  kcal/mole 
g98 sensible  enthalpy a t  temperature T and standard s t a t e  l e s s  t h e  
enthalpy i n  t h e  standard state a t  298' K,  kcal/mole 
equilibrium constant f o r  d i ssoc ia t ion  o r  ion iza t ion  where the  
p a r t i a l  pressures  or" t he  species  a re  expressed i n  atmospheres 
molecular weight 
number of moles of oxidant 
e lec t ron  concentration , cm-3 
Loschmidt's number a t  standard conditions,  2.687 X 1019 cm-3 
number of moles of combustion products 
t o t &  equilibrium combustion pressure,  atm 
p a r t i a l  pressure,  a t m  
heat t r ans fe r r ed ,  ca lo r i e s  (eq.  (39)) 
universal  gas constant,  1.987 callmole-% 
entropy of combustion products, cal/mole-9( 
entropy of a specie i n  a standard s t a t e  a t  temperature T, 
c a l  /mole -OK 
temperature, K 0 
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mole f r a c t i o n  
correct ion var iab les  
dimensionless r a t i o  of average molecular weights of reac tan ts  t o  
products (eq. (42)) 
e r r o r  parameter 
standard conditions,  273' K and 1 a t m  
product index numbers for neu t ra l  species  
number of formula weights of reac tan ts  
t o t a l  number of atoms of carbon, nitrogen, and oxygen i n  i n i t i a l  
reac tan t  mixture 
e lec t ron  
flame 
i t h  component (neu t r a l )  
species  with pos i t ive  charge 
i n i t i a l  reac tan t  mixture 
t rue  or assigned value 
PROCEDURE 
The procedure used for t h e  computation of t h e  equilibrium composition and 
thermodynamic proper t ies  of t he  species present as t h e  r e s u l t  of a combustion 
react ion i s  based on t h e  method given i n  reference 14 and i s  adapted for use 
with an D M  7090 e lec t ron ic  computer., The program i s  divided i n t o  two p a r t s  
where t h e  neutral-species  concentrations and thermodynamic propert ies  - enthalpy, 
entropy, and r a t i o  of molecular weights Z - are calculated i n  t he  main computer 
program for various input  mixture r a t i o s ,  temperatures, and pressures .  The 
r e s u l t s  of the  neutral-species  program a r e  then used t o  ca lcu la te  t h e  concentra- 
t i o n s  of charged species  i n  t h e  second p a r t  of the  program. 
The flame temperatures f o r  t he  various input conditions a r e  calculated sep- 
a r a t e l y  by using t h e  neutral-species  data  and addi t iona l  thermodynamic data .  
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The assumptions and conditions used i n  the  ca lcu la t ions  a r e  a s  follows: 
(I) All species  produced a r e  i n  the gaseous s t a t e  throughout t h e  range o? 
temperatures and pressure used. 
(2) All gases behave i d e a l l y  and form ideal-gas mixtures so t h a t  t h e  idea l -  
gas equation of s t a t e  w i l l  be va l id .  
(3) The precombustion mixtures of cyanogen and oxygen are  introduced a s  
gases a t  298O K f o r  t h e  purpose of calculat ing the  flame temperature 
(4)  Thermal and chemical e q u i l i b r i a  e x i s t  a f t e r  combustion. 
( 5 )  The combustion process i s  ad iaba t ic .  
(6) Combustion takes  place at constant pressure.  
(7) The concentrations of t he  charged species a r e  s m a l l  enough so t h a t  
Tf .  
t he re  w i l l  be no changes i n  t h e  ca lcu la t ion  of t he  neutral-species concentra- 
t i o n s  when t h e  computation f o r  t he  charged species i s  undertaken as a separate 
p a r t  of t he  program. 
(8) The calculat ions of t he  flame temperatures and thermodynamic proper t ies  
are based only on the  neutral-species  concentrations.  
Gas Composition 
Neutral species.-  For given i n i t i a l  conditions,  t h e  composition of t he  
neu t r a l  species  present following a combustion react ion i s  t o  be calculated.  
The temperature and pressure are selected as independent var iab les  along with 
the  mole r a t i o  of cyanogen t o  oxygen C N 0 en ter ing  t h e  react ion.  The 
values f o r  t h e  temperature a re  from 2000° t o  6 0 0 0 ~  K i n  b o o  increments. The 
equilibrium pressures  a re  0.01, 0.1, 1, 4, 10, 40, and 100 atmospheres and t h e  
i n i t i a l  mole r a t i o s  of C2N2 t o  O2 a re  1/0.90, 1/0.95, l/l.O, 111.05, l/l.lO, 
1/1.20, 1/1.40, 1J1.60, 1/2.0,  and 1/4.0. 
( 2 2 1 2 )  
The substances enter ing the react ion a r e  designated by an equivalent 
formula C a o ~ o O c o  where a, and bo remain constant throughout t h e  program 
with values of 2 each; t h e  value of co 
moles m of oxygen t h a t  a r e  used (co = a). The values of m a r e  given i n  
the  preceding l i s t  of mole-ratio inputs .  
changes according t o  the  number of 
The ca lcu la t ions  are based on t h e  following general  react ion equation 
which produces 11 neu t ra l  gaseous species:  
A(CaoNboOco) -+n102 + n2c02 + n CO + n4N2 + n NO + %CN + n7C2N2 3 5 
+ n8C2 + n9C + 5 o N  + %lo 
The index number f o r  t h e  product i s  given as a subscr ipt  t o  each n and r e f e r s  
t o  a spec i f ic  specie.  For these  ca lcu la t ions  A and n i  a r e  determined so 
t h a t  
equal t o  RT. The t o t a l  number of moles of gaseous equilibrium products w i l l  
then be numerically equal t o  t h e  t o t a l  pressure 
report pi w i l l  be used i n  place of n i  f o r  denoting concentrations.  
d’ 
n i  = pi; thus the  volume of t h e  products of reac t ion  w i l l  be numerically 
For t h e  remainder of t h i s  P. 
The equations needed f o r  t he  solut ion of pi and A are :  t h e  
dissociat ive-equi l ibr ium equations with one f o r  each molecular type,  t h e  con- 
servat ion of mass equations o r  mass-balance equations with one f o r  each chemical 
element, and t h e  to ta l -pressure  equation. This gives  a t o t a l  of 1 2  equations 
t o  solve. 
The mass-balance equations a re  as follows f o r  t h e  combustion of C2N2 + m02: 
The species are given i n  terms of t h e i r  index numbers according t o  equation (1). 
T r i a l  compositions w i l l  give values of a, b, and c which d i f f e r  from ao, 
bo, and co, bu t  t h e  d i f fe rences  w i l l  disappear when the  correct  compositions 
have been found and a = a. = 2, b = bo = 2, and c = co = 2m. 
The to ta l -pressure  equation i s  as follows: 
With an assigned pressure,  t h e  value of P 
o r  input pressure Pt for  f i n a l  solut ion.  
i n  equation ( 5 )  must equal t h e  t r u e  
The d issoc ia t ive  equations are wr i t t en  i n  terms of t h e  atomic gases with 
t h e  react ions given i n  table I along w i t h  t h e  appropriate react ion energies E. 
Onby t h e  first e ight  reac t ions  i n  t h e  t a b l e  are used w i t h  t h e  following equ i l i -  
brium constants : 
6 
Kl = 
(PNO ) - 
K5 - ('N) ('0) 
K7 = 
( pC )2 (pN)2 
The values f o r  t h e  equilibrium constants were taken from references 30 t o  32 
f o r  the spec i f ic  input temperatures. 
not correspond t o  those a t  chemical equilibrium, var iab les  
according t o  reference 14 as 
Since the  t r i a l  composition probably w i l l  
61 a re  defined 
The c r i t e r i o n  f o r  equilibrium f o r  a react ion at constant temperature and pres- 
sure i s  t h a t  6i = 0 .  
7 
I 
Since equations (2) t o  ( 5 )  and (14) a r e  not a l l  l i n e a r ,  t h e  Newton-Raphson 
method f o r  solving nonlinear simultaneous equations i s  used (see r e f s .  14, 1.9, 
and pp. 53 t o  57 of r e f .  23)  t o  obtain a set of simultaneous l i n e a r  correct ion 
equations which were solved f o r  by wr i t ing  them i n  matrix form f o r  solut ion 
with t h e  IBM 7090 computer. The equations a r e  
I a0 aipixi - AaxA = Aa log, -c a i 
L 
x i  - aixC - bixN - cixo = -6i  = log, 
K i  
An example of a general  matrix f o r  t h e  combustion of 1 mole of C2N2 with 
1 mole of 02 a t  1 atmosphere of pressure and an a r b i t r a r i l y  assigned temperature 
i s  given i n  f igu re  1. The values of ao, bo, and co a r e  equal t o  2 and 
Pt = 1. I n i t i a l  es t imates  f o r  A and pi a r e  made. Values f o r  a i ,  b i ,  and 
c i  are taken from equations (2) t o  (4) ;  values of 6 i  are calculated by using 
t h e  K i  values at  t h e  assigned temperatures and values of estimated pi as 
shown i n  equation (14). 
0 
The o ther  constant terms i n  f igu re  1 are calculated by - 
aipi and Aa - - a.  Similar r e l a t ions  
A 
use of t h e  following r e l a t ions :  A a  = 
i 
.I. 
e x i s t  f o r  the other  terms - Ab, Ac, b, and c. The pressure P i s  
summing a l l  the p a r t i a l  pressures .  If t h e  conditions f o r  convergence 
- 1, and 6i = 0 within a f ac to r  of ~10- do not occur, 9 b = 2 ,  e = & ,  - -  pt 
the output values of pi and A are fed  back t o  provide new estimates and the  
i t e r a t i o n  i s  ca r r i ed  out u n t i l  convergence i s  achieved. 
p a r t i a l  pressure of t h e  species  w i l l  then have t h e  des i red  accuracy of four  
f igu res  . 
8 
The values of t h e  
The output of the program gives values of A and t h e  p a r t i a l  pressures of 
a s  many as 11 species.  Some molecular species can be omitted f o r  a few mole 
input r a t i o s  because t h e i r  concentrations a r e  so s m a l l  t h a t  no e r r o r  i s  in t ro-  
duced i n  the  computation. I n  t h i s  case the output of t h e  program w i l l  show 
fewer species . 
Charged species.- The equations used t o  obtain t h e  charged-species concen- 
t r a t i o n s  present i n  t h e  flame a r e  given i n  t h e  following discussion. 
of ions i s  taken t o  be 13 including 2 negative ions (0-  and CN') along with t h e  
11 pos i t ive  ions  t h a t  a r e  produced from t h e  11 n e u t r a l  species.  The charged- 
species react ions 9 t o  21 and t h e  react ion energies are given i n  t a b l e  I. 





(PO+) (Pe-) - 
K19 - (Po) 
- (PCN )( Pe - ) 
('CN-) 
K21 - 
The equation f o r  t h e  conservation of charge i s  




and equations ( 2 9 )  and ( 3 O ) ,  respectively,  i n  t h e  form 
(’0 )(’e-) 
(Po-) = K20 
( PCN) (pe-) 
(per) = K 2 1  
(33) 
(34) 
Multiplying equation (31) by pe- 
give 
and subs t i tu t ing  equations (32) t o  (34) w i l l  
(pO)(pe-)2 + (PCN)(Pe-)2 1 i + ( K i + )  (pi)  = (Pe-)‘ + K20 K21 
and 
( 35) 
Values of pe- a r e  changed t o  Ne values by the  use of  the following re la t ion :  
The concentration of each ion can then be calculated by using equations (18) 
t o  (30) . The values of 5, K12, K13, K18 t o  K20 w e r e  taken from refer -  
ences 31, 32, and 33 while t h e  other  equilibrium constants were calculated from 
Saha’s equation (see,  f o r  example, ref. 34) which i s  
The values f o r  the  ionizat ion p o t e n t i a l s  needed for this equation w e r e  taken 
from reference 35 and a r e  given i n  t a b l e  I along with t h e  values of the statis-  
t i c a l  weight r a t i o s .  
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Flame temperature.- The flame temperature f o r  a given pressure,  i n i t i a l  
temperature of precombustion mixture, and equivalent formula i s  calculated 
according t o  t h e  following equation (see,  f o r  example, r e f .  36) : 
A graphical  scheme i s  used t o  obtain a flame temperature where Q = 0. The 
i n i t i a l  temperature of t h e  C2N2 and O2 gaseous mixture i s  assumed t o  be 298' K.  
Values f o r  t h e  hea ts  of formation a t  298O K a r e  taken from references 30 and 37 
while the  ($ - &&3)i values a r e  taken from reference 37. 
Thermodynamic Proper t ies  
The thermodynamic proper t ies  f o r  t he  neu t r a l  combustion products a r e  calcu- 
(%)i and ("Ii l a t e d  by using t h e  following equations.  The input values of 
a t  the  d i f f e r e n t  temperatures were e i t h e r  obtained d i r e c t l y  from references 14, 
by using t h e  procedure given 30, and 37 o r  calculated as i n  t h e  case of 
i n  reference 14. 
273.2' K.  
(% )i 
The reference temperature f o r  t h e  enthalpy ca lcu la t ion  i s  
Enthalpy.- The enthalpy of t h e  mixture i s  defined as (see r e f .  1-9 and 
pp. 53 t o  57 of r e f .  23) 
Entropy.- The entropy of the  mixture i s  defined as (see r e f .  19 and pp. 53 
t o  57 of r e f .  23) 
L I 
Ratio of molecular weights- of -reactants t o  products.-  ~- - - . - - - - - - - - - . - - 
weights Z i s  defined as (see pp. 53 t o  57 of r e f .  23) 
(41) 








used t o  form Mollier char ts  f o r  
temperatures from 2000° t o  6 0 0 0 ~  K and f o r  pressures from 10-2 t o  lo2 atmos- 
pheres f o r  three input mole r a t i o s  of C2N2/02 of 1/1, 1/1.05, and 1/2.0.  
RESULTS AND DISCUSSION 
The r e s u l t s  of the  main computer program f o r  the  equilibrium concentra- 
t i o n s  of t h e  neut ra l  species expressed i n  atmospheres a t  the various input tem- 
peratures,  p a r t i a l  pressures,  and mole r a t i o s  a re  presented i n  t a b l e  I1 along 
with t h e  electron concentration expressed as electrons/cm3. 
The r e s u l t s  of t h e  flame-temperature calculat ions a r e  plot ted i n  f igure  2 
and presented i n  t a b l e  111 f o r  the  d i f fe ren t  input pressures and mole r a t i o s .  
The flame temperatures show a peak where there  a r e  an equal number of moles of 
f u e l  and oxidant. For comparison the t h e o r e t i c a l  temperature f o r  the  following 
reaction i s  given i n  f igure  2 
and i s  ca l led  the  stoichiometric react ion f o r  t h e  production of CO and N2. The 
products formed f r o m t h e  combustion of one mole of C2N2 and one mole of 02 have 
large dissociation-energy values leading t o  t h e i r  high thermal s t a b i l i t y .  These 
la rge  dissociat ion energies make the flame temperature one of the  highest  tha t  
can be produced by chemical means - 511g0 K f o r  the flame a t  a pressure of  
100 atmospheres, 4848' K f o r  t h e  flame at  a pressure of 1 atmosphere, and 
4370° K f o r  t h e  flame at  a pressure of 0.01 atmosphere. 
a t  a mole r a t i o  of 1/1. 
All of these values a re  
The flame temperatures of the stoichiometric C2N2/02 flame (1/1 mole) a re  
p lo t ted  as a function of pressure i n  f igure  3 .  Calculated values of tempera- 
t u r e  from references 5 and 24 t o  26 a r e  a l s o  given f o r  comparison. 
t h a t  the data  points  show some s c a t t e r  can be t raced t o  the difference i n  the  
number of species chosen f o r  t h e  combustion products and t h e  d i f f e r e n t  values 
of heats  of formation and dissociat ion energies f o r  CN, C2, and C2N5 t h a t  were 
used. 
The f a c t  
The electron-concentration values a t  t h e  adiabat ic  flame temperatures a r e  
presented i n  t a b l e  III. 
where Ne i s  p lo t ted  against  input temperature f o r  various precombustion mole 
r a t i o s .  For each adiabat ic  f l a m e  temperature taken from t a b l e  111, a spec i f ic  
They were obtained by making p l o t s  similar t o  f igure  4 
I 
value of Ne 
t u r e  and combustion pressure.  
can be obtained from t h i s  type of p l o t  f o r  a given reactant  mix- 
The e lec t ron  concentrations from t a b l e  I11 a r e  p lo t t ed  i n  f igure  5 as 
functions of t h e  O2 concentration i n  t h e  reac tan t  mixture f o r  t h e  d i f f e ren t  com- 
bust ion pressures  t o  e s t a b l i s h  the  changes i n  e lec t ron  content when the  amount 
of O2 i s  changed i n  the precombustion mixture. 
curves f o r  a l l  t h e  pressures  with t h e  exception of t h e  0.01-atmosphere curve 
show an increase when a s m a l l  amount of 02 is  added t o  the  stoichiometric mix- 
t u r e  flame (50 percent by volume of 02).  The N e  peaks appear where t h e  pre- 
combustion mixture contains  between 50 and 5.5 percent 02 by volume and are much 
more pronounced f o r  the high-pressure cases - by a f a c t o r  of 1.3 t o  2 times t h e  
Ne 
t o  100 atmospheres. These Ne peaks occur desp i te  t h e  f a c t  t h a t  t h e  flame 
temperature i s  decreasing as O2 i s  added t o  t h e  1/1 mole reactant  mixture. 
There i s  a s i m i l a r  increase i n  the  NO+ concentration i n  t h e  flame products as 
shown i n  f igu re  6 where t h e  mole f r ac t ion  of NO+ i s  p lo t t ed  as a function of 
flame temperature f o r  var ious pressures .  The peaks i n  t h e  NO' concentration 
curves occur at  flame temperatures produced by a reac tan t  mixture containing 
50 t o  55 percent 02 by volume. 
a t u r e  a re  a l so  shown i n  f igu re  6 and ind ica te  t h a t  t h e  peak 
ure  5 follow c lose ly  the peak values of t he  mole f r ac t ion  of NO', thus 85 t o  
95 percent of t h e  free e lec t rons  produced where t h e  
are due t o  f r e e  e lec t rons  produced by the  ion iza t ion  of n i t r i c  oxide. It i s  
possible  t o  obtain Ne 
100-atmosphere flame, 1 X 1013 electrons/cm3 f o r  t h e  1-atmosphere flame, and 
1.6 x 10l1 electrons/cm3 f o r  t h e  0.01-atmosphere flame making t h i s  flame an 
a t t r a c t i v e  research t o o l  which has been used i n  reference 11 i n  studying a t ten-  
uat ion of rad io  s igna ls  through a plasma. 
The electron-concentration 
values produced by t h e  stoichiometric flame a t  pressures  from 1 atmosphere 
Curves f o r  Xe- as a f inc t ion  of flame temper- 
values of f i g -  Ne 
Ne peaks occur i n  f igu re  5 
values a s  high: as 4 x 1014 electrons/cm3 f o r  t he  
If the  data i n  t a b l e  I1 a r e  p lo t ted  as a funct lon of input temperature f o r  
d i f f e ren t  mole r a t i o s  and pressures  a s  shown i n  t h e  example i n  f igure  7 f o r  t h e  
stoichiometric 1-atmosphere flame, the  concentration of t h e  neutral. species 
present f o r  a given ad iaba t ic  flame temperature from t a b l e  I11 can be obtained 
graphical ly .  The concentrations of t he  species expressed as mole f r ac t ion  X 
obtained by t h i s  method a r e  presented i n  t a b l e  I V  and p lo t t ed  i n  f igure  8 as a 
function of percent by volume 02 i n  t he  reac tan t  mixture f o r  f i v e  equilibrium 
pressures  of 100, 10, 1, 0.1, and 0.01 atmospheres. It can be seen from t h i s  
type of p l o t  that t h e  NO concentration increases  as t h e  amount of O2 increases  
i n  t h e  precombustion mixture. This i s  similar t o  the  r e s u l t s  obtained i n  ref- 
erences 27 t o  29. Since n i t r i c  oxide has the  lowest ion iza t ion  po ten t i a l  of 
any of t h e  flame products, t h e  increase i n  t h e  concentration of NO results i n  
an increase i n  the  f ree-e lec t ron  content and t h e  NO' concentration as shown i n  
f igu res  5 and 6. 
The thermodynamic da ta  a r e  used t o  obtain Mollier char t s  f o r  the  neu t r a l  
combustion products. The enthalpy and entropy are expressed i n  a dimensionless 
14 
form f o r  these p lo t s .  The Mollier char ts  are presented i n  f igu re  9 and a r e  
made f o r  t he  l/l.O, 1/1.03, and 1/2.0 mole-ratio mixtures. 
i s  p lo t ted  aga ins t  
input mixture so t h a t  t h e  enthalpy and entropy obtained are per  mole pf input 
(C2N2 + m02). 
f o r  l i n e s  of constan€ pressure 
and oxygen. 
The enthalpy H/RTo 
f o r  l i n e s  of constant temperature, pressure (expressed S/R 
. as P/Po), and Z. These char t s  are based on the  equivalent formula f o r  the  
I n  f igu re  10 t h e  e lec t ron  concentration i s  p lo t t ed  against  H/RTo 
P/Po f o r  t h e  three  input mixtures.of cyanogen 
CONCLUDING REMARKS 
Computations were made by using an I B M  7090 e lec t ronic  computer t o  obtain.  
t he  equilibrium composition and thermodynamic proper t ies  of t h e  products of 
cyanogen-oxygen combust ion a t  input mole r a t i o s  of C2N2/02 from 1/0.9O t o  1/4.0, 
f o r  pressures  between 10-2 t o  lo2 atmospheres, and temperatures from 2000' t o  
60000 K. Flame temperatures f o r  t h e  d i f f e ren t  pressures  and reactant  mixtures 
were calculated separately by using a heat-balance technique. The neut ra l -  
species  and f ree-e lec t ron  concentrations were obtained f o r  each flame tempera- 
t u r e ,  reac tan t  mixture, and pressure by graphical  in te rpola t ion  of t h e  computer 
r e s u l t s .  Mollier char t s  were prepared f o r  three input mixtures of cyanogen and 
oxygen. 
Calculations ind ica t e  that t h e  peak electron concentration of t he  flame 
occurs when t h e  oxygen concentration i n  t h e  precombustion mixture i s  50 t o  
55 percent by volume f o r  equilibrium pressures between 0.1 and 100 atmospheres. 
The increase i n  the  e lec t ron  concentration, when a s m a l l  amount of oxygen i s  
added t o  t h e  1/1 mole r a t i o  precombustion mixture, can be a t t r i b u t e d  t o  the  
increase of n i t r i c  oxide i n  t h e  flame producing more f r e e  e lec t rons  when it i s  
ionized. 
The e lec t ron  concentration can range from a peak value of 4 x 101 4 
e l e c t r o n / c d  f o r  the  100-atmosphere flame t o  a peak value of 1.6 x 1011 
electron/cm3 f o r  t h e  0.01-atmosphere flame making t h i s  flame an a t t r a c t i v e  t o o l  
i n  studying the  a t tenuat ion  of rad io  s igna ls  through a plasma. 
The maximum flame temperatures f o r  all pressures occur when the re  are 
equal moles of f u e l  and oxidant i n  the  reactant  mixture as expected and range 
from a high temperature of 5119' K f o r  t h e  flame a t  a pressure of 100 atmos- 
pheres t o  4370° K f o r  t he  flame at  a pressure of 0.01 atmosphere. 
Langley Research Center, 
National Aeronautics and Space Administration, 
Langley S ta t ion ,  Hampton, Va. ,  Apri l  24, 1964. 
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TABLE I.- REACTIONS, APPROPRIATE REACTION ENERGIES AT T = 0' K, 
AND RATIOS O F  STATISTICAL WEIGHTS FROM SAHA EQUATION 
Reaction 
0 + 0 = 0 2  
c + 20 t,co, 
c + o c , c o  
N + N S N 2  
N + O S N O  
C + N S C N  
2C + 2N fC2N2 
C + C f C 2  
02 SO'; + e- 
C02 $C02 + e' 
co SCO+ + e- 
N2 S N Z  + e' 
NO =NO+ + e- 
CN t ,~& + e- 
C2N2 GC2N'; + e- 
~2 G C ~  + e- 
+ 
(17) c $c+ + e- 
(18) N sN+ + e' 
(19) 0 f O +  + e' 
(20) 0- S O  + e- 
(21) CN' CN + e' 
Reaction 
energy, E, e .v .  
~ - ~~ 
5 * 1155 













13 * 57 
12.0 
11.26 









111.1 6.808 x  LO-^ 2.242 
TABLE 11.- C0MH)SIlTON OF TBE PRODULTS OF C Y A N O X " O X T 0 w  COMBUSTION 
1.418 x 10-5 1.078 1.305 5.120 2.997 1.149 _ _ _ _ _ _ _ _ _ _ _ _  6.203 3.003 9.995 
I r-N./n. I Partial nressure. atm i 
100 110.90 
110.95 3.801 x 10-3 2.484 
111.0 1.970 x 4.732 x 6.640 3.316 3.485 x 1.259 x 10-1 3.496 x 10-5 5.721 x 3.028 x 10-2 1.173 7.480 X 5.726 
1.503 x 10' 2.427 x 111.05 
3.474 x 10-7 7.462 x 1.140 2.853 3.278 
111.2 9.577 X 10-1 2.923 5.882 2.967 2.298 1.513 3.847 1.109 5.215 4.281 
1.054 8.993 5.312 111.4 2.848 x loo 4.537 5.294 2.680 3.767 7.504 x 10-4 _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  2.008 
1.378 1.007 1.194 x lo1 5.846 
9.384 6.393 4.110 2.069 6.008 2.820 8.588 x 10-5 9.267 x 10-2 1.632 6.354 
6.535 
4800 1.393 x 10-7 1.170 x 10-3 6.172 x lo1 3.203 x l& 9.109 x 
5.086 x 10-7 2.324 x 10-3 6.418 
7.952 x lo-' 9.223 x 1o-l  6.441 
4.324 x loo 4.125 x 6.990 x 1o-l 1.058 x 10' 1.153 x 10-l 1.989 x 10-3 2.484 x 1013 
3.253 
3.226 
1.754 x 10-3 2 . 3 n  x 100 1.240 x loF2 2.070 x 10-1 5.760 x 10-1 1.162 
6.906 x 10-1 5.995 x 10-3 ------------ 1.334 x 10-6 1.462 x 10-3 1.157 
111.1 2.865 x 10-1 1.696 x loo 6.240 3.135 1.292 x 100 3.016 ------------ 
111.6 5.019 5.488 4.824 2.443 4.774 4.918 ------------ ------------ 
112.0 
____----_--- _ _ _ _ _ _ _ _ _ _ _ _  
__----_--___ _ _ _ _ _ _ _ _ _ _ _ _  
114.0 2.491 x 101 6.044 2.585 1.130 7.232 7.422 x 10-5 ------------ ------------ 3.059 x 10-5 6.847 x 10-2 2.659 
100 110.90 4400 ------------ 8.163 x 6.196 x d 3.285 x 10' 2.946 x 2.993 x 100 5.449 x 10-2 1.690 x 100 4.031 x 10-1 3.853 x 10-2 4.223 x 10-4 4.321 x 1012 
110.95 5.849 x 1.437 x 10-3 6.432 3.290 5.000 x 1.834 x loo 2.044 x 10-2 6.334 x 10-1 2.468 x 10-1 3.856 7.162 x 4.140 x 1012 
111.0 2.046 x 10-2 1.253 x 1013 
111.05 8.179 x 1.694 x loo 6.414 3.260 5.886 x 10-I 1.539 x 10-3 ------------ ------------ 2.081 x 10-4 3.839 8.469 x 10-1 7.923 x 1013 
111.1 3.028 x 10-1 3.144 6.184 3.191 1.120 X loo 7.632 x ------------ ------------ 1.043 x 10-4 3.798 1.630 x 100 1.080 x 1014 
111.4 3.269 8.552 5.120 2.813 3.456 1.805 
4.776 x 10-5 4.247 x 10-2 6.654 3.327 1.4% x 10-2 6.675 x 10-2 2.709 x 10-5 8.301 x 8.934 x 10-3 3.878 
5.230 x 10-5 3.718 3.035 1.428 
1.757 3.425 7.203 1.995 
114.0 3.124 x lo1 1.103 2.137 1.261 7.155 1.632 x 10-5 ------------ ------------ 3.548 x 2.388 1.655 x l$ 2.273 
----_--__-__ --_________ 
2,627 3.566 5.354 1.798 -----_-___-- _-_________ 
1/12 1.050 x loo 5.470 5.778 3.0% 2.043 3.747 
111.6 5.916 1.035 x l@ 4.607 2.596 4.466 1.160 ------------ ---_-_--____ 
112.0 1.138 X l@ 1.199 3.849 2.235 5.749 3.179 9.989 2.187 6.486 x 10-5 _________-__ _ _ _ _ _ _ _ _ _ _ _  1,059 
TABLE II.- COMPOSI'ITON OF THE PRODUCE OF CYANCGEN-OXYGEN COMBUSITON - Continued 
3.268 x 10-5 ,l.333 x l& 5.333 3.333 1.496 x 10-3 1.477 _____---____ --- -_______ 4.160 x 10-1l 
2.323 x 2.666 4.000 3.333 3.990 4.1% x 10-8 ------------I------------ 1.170 x 10-U 
1.175 x 10-3 3.998 2.667 3.332 8.974 1.232 x 10-8 ------------ ---- -_______ 3.469 x 10-12 
< 1.0 x 7.401 X 10-1 6.438 2.239 x 10-1 3.131 x 10-fl ------------ -- ----______ 
< 1.0 x 3.9% X Id 3,981 1.451 X 10-l1.935 1.252 x 100 - --_________- _____---____ _ _ _ _ _ _ _ _ _ _  
1.7ll X loo 3.293 
Partial pressure, atm 
p, atm c2N2/02 T, DK' Ne, cm-3 
02 COP co N2 NO CN c2N2 c2 C 
mole ratio N 0 
100 1b.50 ------------ 7.212 x 6.m6 x I& 3.368 x lo1 9.999 x 10-5 1.484 x loo 4.774 x 10-2 2.6ll x 1.00 9.346 x 10-2 1.035 x 10-2 8.958 x 10-5 6.642 x loll 
110.95 -___________ 1.168 x 10-3 6.439 3.337 1.5% x 9.818 x 10-1 2.087 x 10-2 1.152 x 100 6.208 x 10-2 1.030 1.399 x 5.561 X LOL1 
111.0 6.969 x 3.368 x 10-2 6.659 3.331 4.328 x 10-3 3.639 x 10-21 2.868 x 10-5 1.587 x 10-3 2.304 x 10-3 1.029 3.899 x 10-3 1.886 x ld.2 
111.05 '4.437 X 2.572 x loo 6.374 3.298 3.436 x 10-1 4.343 x ------------ ------------ 2.763 x 10-5 1.024 3.111 x 10-1 1.755 X 1013 
111.1 1.779 X 10-1 4.927 6.097 3.260 6.841 x 10-1 2.063 x 10-4 ------------ ------------ 1.320 x 10-5 1.018 6.230 x 10-1 2.455 
111.2 7.041 X 1O-I 8.992 5.593 3.178 1.344 x 100 9.392 x 10-5 ----- --- ---- ------------ 6.086 x 10-6 1.005 1.239 x 10' 3.383 
111.6 5.319 X loo 1.829 4.139 2.810 3.473 2.378 _.___--_-___ ----- - - __ 1.639 9.453 3.407 5.142 
112.0 1.149 x Id. 2.129 3.277 2.464 4.780 1.199 ____.--_____ ----- ---___ 8.829 x 10-7 8.852 5.008 5.810 
111.4 2.630 X LOo .1.481 x l& 4.766 2.997 2.522 4.021 _____-_-____ ----- __-__ 2.684 9.762 x 10-3 2.395 4.494 
114.0 3.553 x l$ 1.864 1.632 1.428 6.399 2.587 x 10-6 --___-----_- - ---------- 2.501 x 10-7 6.739 8.805 6.218 
I 
100 1/0.50 3600 ------------ 7.404 x 6.208 x l& 3.420 x I& 3.067 x 10-5 5.2% x 10-1 2,799 x 10-2 3.153 x loo 1.334 x 2.067 x 10-3 1.587 x 10-5 8.222 X 1O1O 
110.95 ---------_-_ 1.1% x 10-3 6.441 3.37l 4.581 x 10-5 3.584 x 10-1 1.311 x 10-2 1.499 x 100 9.202 x 10-3 2.052 2.388 x 10-5 7.098 X 1010 
111.0 6.079 X 10-7 2.459 x 6.662 3.332 9.37l x 10-4 1.792 x 10-2 3.279 x 10-5 3.790 x 10-3 4.627 x 2.041 4.912 x 1.771 X 1d.l 
111.05 1.076 X 3.117 x 10' 6.345 3.322 1.245 x 10-1 1.281 x ------------ ------------ 3.312 x 2.038 6.537 x 10-2 2.334 x 1012 
111.1 4.652 x 6.158 x l@ 6.09 3.310 2.583 5.843 x 10-5 ------------ ------------ 1.514 x 10-6 2.034 1.359 x 1 O - I  3.351 
111.4 1.1% x 100 2.182 4.322 3.189 1.253 x 100 8.319 x 10-6 ------------ ------------ 2.195 1.9% 6.717 7.160 
111.2 2.167 x 10-l' 1.194 x d 5.419 3.279 5.550 2.422 x 10-5 _____-__--__ -  -----_--_ 6.304 x 10-7 2.024 2.933 4.868 
3.070 2.866 3.4% 3.059 2.018 3.962 1.067 1.955 1.104 x 10' 8.872 _____----_-_ 111.6 
112.0 9.276 3.431 2.379 2.739 3.318 1.485 _____---_-__ - ---------- 4.230 x 10-8 1.850 1.919 1.091 x Ld.3 
114.0 3.760 x Id. 2.775 9.559 x loo 1.609 5.122 2.272 x 10-7 _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  8.441 x 10-9 1.418 3.863 1.243 x ld.3 
6.506 4.916 1.403 x lo8 




2.948 10-4 3.437 
7.397 x 10-3 1.695 x lo9 











3200 ------------ 8.418 x 10-4 6.207 x ld. 5.441 x LO1 7.886 x 10-6 1.277 x 10-1 
4.835 X 2.065 x 6.663 3.333 1.n4 x 5.904 x 10-3 
1.359 X 10-3 3.292 x loo 6.3% 3.331 2.9b x 3.348 x 10-5 
6.026 x 10-3 6.572 x loo 6.006 3.328 6.259 x 10-2 1.506 x 10-5 
3.008 X 1.98 x 1s 5.349 3.322 1.397 x 10-1 6.000 x 10-6 
2.008 x 10-I 2.568 4.066 3.299 3.597 1.759 x 10-6 
8.225 X 10-1 3.689 2.886 3.251 7.227 6.123 x 10-7 
5.838 x 100 4.779 1.403 2.998 1.849 x io0 ------------ 
3.847 x lol 3.494 3.996 x 100 1.765 3.641 x loo ------------ 











2.780 x 10-9 
--- 
7.252 x 10-5 
3.231 x 
1.155 x lou2 
5.728 x 10-2 
1.633 x 10-3 
2.544 x 100 
3.889 x lol 
1.028 x 10-3 6.207 x l& 3.447 x id. 1.376 x 2,161 x 10-2 3.976 x 10-3 3.434 x loo 4.154 x 10-5 2.076 x 10-5 1.443 x 10-7 2.552 x lo8 
1.580 x 10-3 6.440 3.389 2.021 x 10-6 1.501 x 10-2 1.919 x 10-3 1.686 x loo 2.911 x 10-5 2.058 2.1% x 10-7 2.151 
2.168 x 10-2 6.663 3.333 2.658 x 10-5 1.162 x 10-3 1.149 x 10-5 1.026 x 10-2 2.27l x 2.041 2.833 x 10-6 3.222 
6.655 x LOo 6.001 3.332 9.060 x 10-3 3.069 -__-_------- -------_____ 5.999 x 10-9 2.041 9.659 x 8.537 x l@ 
1.330 X l& 5.335 3.332 2.037 x 10-2 1.213 
3.328 x loo 6.333 3.333 4.293 x 10-3 6.837 x 10-6 ------------ 3.554 x 10-7 1.336 x 2.041 4.576 x 5.867 x 109 
_____--_____ ---_ ______ 2.372 x 10-9 2.041 
7.871 x 10-1 3.363 x 10-9 ------------ ------------ 6.716 x 10-12 1.998 
2.172 x 10-3 1.280 x 1010 
2.657 4.006 3.329 5.404 x 10-2 3.425 x 10-7 ------------ ------------ 6.699 x 10-10 2.040 5.776 x 10-3 2.085 
3.970 2.688 3.323 1.205 x 10-1 1.031 x 10-7 ------------ ------------ 2.018 x 10-10 2.09 1.286 x 10-2 3.102 
5.869 8.572 x 10-2 7.693 5.962 x 100 3.193 













TABLE II.- CCMRXITION OF THE PRODUCTS OF CYANffiEN-OXYGEXi COHBUSTTON - C o n t i n u e d  










I I I I 
6000 14.214 X 10-5 2.146 x 10-3 2.386 x l$ 1.234 x l$ 
8.645 x loa4 ,1.034 x 2.539 1.244 
1.431 X 4.lJ.8 x 100-3 2.484 1.246 
I I I I 
1.139 x loo 2.937 x 1.580 x 
7.184 2.687 1.635 x 10-5 1.8p x 3.916 8.399 5.769 1.035 X 
3.389 x 10-3 1.667 x loo 8 . 5 6  x 10-111.274 x 10-l 1.098 x 1015 
2.925 ,6.464 x 10-1 9.458 x 10-5 1.081 x 10-3 9.414 x 10-1'8.405 2.348 9.923 x 1014 
40 1/0.90 5600 5.761 x 1.172 x 10-3 2.423 x l& 1.259 x ld- 5.174 x 10-3 1.39 x 10' 8.569 x 1.341 X 1.353 x loo 4.169 x 10-1 3.238 x 3.599 x ld-4 
110.95 2.344 x 10-5 2.469 x 10-3 2.530 1.279 1.052 x 7.063 x 10-1 2.277 x 3.594 x 10-3 7.002 x 10-1 4.201 6.532 x 3.519 
1/1.0 4.328 x 1.092 x 2.603 1.287 4.534 x 10-2 1.697 x 10-1 1.314 x 10-5 2.061 x 1.677 x 10-1 4.214 2.807 X 10-1 3.926 
111.05 7.021 x 10-3 4.324 2.560 1.254 1.803 x 10-I 4.089 x ------------ 1.228 x 10-5 4.094 x 10-2 4.160 1 . 1 ~  x loo 6.71.6 
111.2 8.244 x 1.53 x 10-1 2.355 1.135 5.877 ,1.044 --------____ ___--------- 1.09 3.958 3.873 1.166 x lo1? 
111.4 2.597 x 10-1 2.181 2.123 1.005 9.814 4 . 9 2  x 10-3 _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  5.583 x 10-3 3.724 6.875 1.484 
112.0 9.271 3.188 1.643 7.418 1.593 1.756 2.286 3.199 
114.0 2.599 X 10' 3.059 9.413 X 10' 3.792 1.907 4.298 x 10-4 _ _ _ _ _ _ _ _ _ _ _ _  ___-------__ 7.825 x 2.287 2.175 X l& 1.970 
111.1 2.402 x 10-2 7.778 2.489 1.213 3.278 2 . W  _- -- -_-_ 3.398 X 2.153 4.091 2.091 8.855 
111.6 4.752 2.687 1.93'4 9.001 x loo 1.256 x loo 3.181 - ---- ___-__ - ------- ----- 3.759 3.524 9.300 1.663 
1.m x 101 1.848 _ _ _ _ _ _ _ _ _ _ _ _  ___--_-_---- 
40 110.90 5200 6.168 x 10-7 5.912 x 2.444 x l& 1.270 x l$ 1.472 x 10'3 1.582 x 10' 2.414 x 10-3 5.944 x 1.020 x loo 1.865 x 10-1 6.914 x 10-3 1.176 x d4 
1/0.95 1.419 x 10-2 1.047 
111.0 1.224 x 10-1 1.319 
1/1.05 9.879 x 10-1 3.304 
1.8% 1.879 x loo 4.466 111.1 4.558 X 1.645 x 10-1 2.502 1.230 3.939 5.863 x 10-3 ------------ 8.427 X 10-7 3.841 




1.267 x 10-3 2.551 
1.129 x 10-2 2.637 




3.050 x 10-3 8.116 x LOT1 6.356 x 10-4 1.536 x 10-2 5.186 x 10-1 1.882 
2.649 x 10-2 9.797 x 10-2 9.260 x 10-6 2.207 x 10-4 6.217 x 10-2 1.896 
2.106 x 10-1 1.168 x 10-2 ------------ 3.234 x 10-6 7.526 x 10-3 1.868 
111.4 4.846 4.577 2.135 1.023 l.lP X loo 1.359 ___--------- 1.005 1.675 6.129 7.489 
111.6 8.740 5.610 1.948 9.198 x loo 1.91 9,017 x 10-4 _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  6.833 x 10-~ 1.587 8.230 8.354 
112.0 1.674 x 10' 6.622 1.662 7.628 1.879 5.059 _--_-_--____ --------- 4.210 1.446 1.139 x lo1 9.230 
114.0 4.574 x loo 6.354 9.648 x loo 3.969 2.241 1.282 1.043 1.883 x LO1 9.752 1.479 _ _ _ _ _ _ _ _ _ _ _ _  ___--------- 
40 1/0.90 4800 6 . 5 4  x 3.152 x 2.461 x 1 6  1.282 x lo1 3.895 x 1.614 x loo 5.749 x 10-3 2.433 x 10-1 6.244 x 10-1 7.295 x 10-2 1.344 x 10-3 2.5- x 1013 
2.605 x 10-3 2.408 110.95 2.390 X 10-7 6.j62 x 2.563 1.301 7.604 x 8.737 x 10-1 1.684 x 10-3 7.023 x 3.355 x 10-1 7.349 
111.0 7.508 X 10-5 1.168 x 2 . 6 9  1.324 1.359 x 5.150 x 10-2 5.851 x 10-6 2.398 x 1.560 x 10-2 7.413 4.617 x 3.746 
1/1.05 2.373 x 10-I 2.782 x 10-3 ------------ 7.214 x 10-7 1.075 x 10-3 7.301 8.184 x 10-1 1.L35 x 1014 
111.1 8.528 x 10-2 3.m 2.503 1.244 4.441 1.397 x 10-3 ------------ 1.878 x 10-7 5.485 x lo-4 7.185 1.556 x loo 1.947 
111.2 2.865 x 10-1 6.426 2.J64 1.ln 7.899 6.984 x 10-4 _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ - _ _ _ _ _ _ _ _  2.827 6.972 2.853 2.564 
2.358 x 2.Oll x 10-I 2.580 1.284 
111.4 8.567 X 10-I 1.003 X loo 2.135 1.050 1.293 X loo 3.453 -_--------__ __--------- 1.476 6.600 4.932 3.221 
111.6 1.513 X loo 1.218 1.950 9.512 x loo 1.635 2.260 1.015 6.283 6.554 3.575 __-------___ _--------- 
112.0 2.830 1.424 1.667 7.956 2.051 1.295 ------------ -_---------- 6.345 x 10-5 5.760 8.965 3.928 
114.0 7.488 1.357 9.765 x 100 4.314 2.450 3.425 x 100-5 __---_-_____ ___-- ------ 2.284 x 10-5 4.231 1.458 x lo1 4.1- 
40 l/0.90 4400 ------------ 2.094 x 10-4 2.474 x 101 1.314 x l& 1.197 x 1.176 x LOo 8.419 x 10-3 6.531 x 10-1 2.506 x 10-1 2.437 x 10-2 2.7I.4 x 4.478 x 1012 
4.645 x 10-4 4.152 110.95 
111.0 2.137 X 10-5 1.15 x 2.661 1.330 6.077 x 10-3 2.523 x 3.872 x 2.967 X 5.341 x 10-3 2.452 1 . 5 9  x 8.565 
111.05 3.492 X 4.443 x 10-1 2.574 1.256 2.424 x 10-1 5.560 x ------------ ------------ 1.278 x 2.420 5.534 x 10-1 5.115 x 1013 
1.050 x loo 6.944 111.1 1.258 x 10-1 8.161 x 10-1 2.490 1.262 4.542 2.998 ___--------- 6.515 x 10-5 2.388 
111.2 4.193 x 10-1 1.401 x 100 2.343 1.200 8.085 1.506 _--_---_-_-_ _ _--------- 3.357 2.329 1.918 9.141 
111.6 2.183 2.609 1 . 9 ~  1.001 1.685 . 4.920 ___--------- 1.200 2.127 4.375 1.274 
112.0 4.067 3.024 1.623 8.556 x LOO 2.126 2.830 __--_-______ --------- 7.469 x 10-6 1.566 5.972 1.401 
114.0 1.072 x 101 2.830 9.356 x loo 4.794 x loo 2.584 7.519 x 10-6 _ _ _ _ _ _ _ _ _ _ _ _  ___L________ 2.651 x 10-6 1.472 9.697 1.477 
2.460 X lo-' 3.724 x 2.570 1.316 2.050 x I U 4  7.146 x 10-1 3.105 x 10-3 2.405 x 10-1 1.521 x 10-1 2.439 
111.4 1.242 x loo 2.164 2.102 1.092 1.327 x io0 7.494 x 10-5 ------------ ------------ 1.750 2.221 3.300 1.148 x 1014 
4.7@ x 10-3 2.401 2.516 1.218 '1.665 x 10-1 1.124 _ _ _ _ _ _ _ _ _ _ _ _  3.348 x 10-5 1.656 8.310 1.351 x l@ 1.329 
TABLF: II.- CCB.IPOSITION OF THE PROIXTCTS OF CYANCGEN-OXYGEN CCMBUSmON - Continued 
111.05 7.2% X 10-5 1.330 x 10' 2.533 1.333 2.712 x 10-3 1.731 x 10-6 ------------ 
111.4 1.144 X lo-' 1.059 X l& 1.605 1.330 3.407 
111.6 5.553 x 1.576 1.084 1.326 7.493 
111.1 3.222 x 2.659 2.400 1.333 5.722 x 10-3 7.774 x 10-7 ------------ 
111.2 1.627 x 10-3 5.313 2.134 1.332 1.285 x 10-2 3.075 x 10-7 __________-- 
8.713 x 10-8 ---- 
2.666 x 10-8 _______----- 
112.0 1.353 x 100 2.247 3 . l p  x ioo 1.262 3.609 x 10-1 1.522 x 10-9 ------------ 
114.0 1.557 x lo1 1.521 6.246 10-1 7,446 x 100 9.401 x 10-1 6.878 x 10-U _ _ _ _ _ _ _ _ _ _ _ _  
10 1/0.90 6000 2.177 x 10-5 3.756 x 10-4 5.775 x 100 2.963 x 100 5.563 x 10-3 1.881 x 10-1 8.006 x 10-6 
1/0.95 5.682 x 10-5 6.253 x 5.987 2.964 8.990 x 10-3 1.206 x 10-1 3.293 
1.577 x 10-2 6.945 x 10-2 1.091 111.0 1.762 x 10-4 1.121 x 10-3 6.096 2.940 
111.05 5.128 x 10-4'1.go6 6.076 2.884 2.664 4.019 ________-_-- 
111.1 1.162 x 10-3 2.822 5.974 2.809 3.957 2.591 ------------ 
1/12 3.344 x 10-3 4.566 5.698 2.647 '6.518 1.414 _----------- 
111.6 1.848 8.829 4.687 '2.114 1 . 5 9  4.423 _--------- -- 
111.4 ' 1.010 x 7.175 5.153 2.355 (1.068 x lo-1 6.941 x 10-3 ------------ 
112.0 3.634 1.047 x 3.964 1.747 1.745 2.424 _ _ _ _ _ _ _ _ _ _ _ _  
114.0 1.034 x 10-I 9.942 x 10-3 2.231 9.032 x 1O-I 2.U7 5.816 x 10-4 _ _ _ _ _ _ _ _ _ _ _ _  ru w 
5.700 x 10-8 5.352 x 10-9 1.291 4.571 x 10-4 4.675 x 109 
9.646 x 6.793 x 109 ------------ 2.403 X 10-9 1.291 
________--_- 9.509 x 10-10 1. 290 
----- ------- 2.696 x LO-~O 1.289 5.749 x 10-3 1.654 ____-___-_-- 8.264 x 1.287 1.266 x 2.446 . 
6.252 x 10-2 5.259 ------------ 4.8% x 1.2% _ _ _ _ _ _ _ _ _ _ _ _  2.844 x lO-lJ 9.648 X 2.120 X 10-1 8.013 
3.848 x 10-4 5.616 x 10-1 
1.582 x 3.601 4.100 1.479 X LO-' 5.931 
2.168 x 10-3 1.018 x lolo 
4.099 x lo-' 9.1% x lo-' 6.621 x d4 
5.672 5.288 x 10-5 2.082 4.083 '2.605 
1.86 x 10-5 1.216 4.044 4.443 6.042 
7.703 x 10-6,7.946 X 3.991 6.689 6.726 
2.435 x 10-6 4.468 3.874 
2.983 x 10-7 1.563 3.462 2.667 1.118 x 1015 
1.135 x 10' '8.083 
6.593 x 10-7 2.325 3.6% 1.972 9.996 
_ _ _ _ _ _ _ _ _ _ _ _  9.429 x 10-3 3.147 3.740 1.251 _ _ _ _ _ _ _ _ _ _ _ _  3.146 x 10-3 2.263 6.310 1.%5 
~ 
Partial  pressure, atm 
p, atm cg2/02 T ,  OK N,, cm-3 
N2 NO CN C2N2 C 2  m o l e  ra t io  02 CO2 co C N 0 
40 i/o.gO 4000 ------------ 1.822 x 2.481 x i& 1.347 x I& 3.998 x 10-5 5.939 x 10-1 7.638 x 10-3 1.044 x 100 5.910 x 6.546 x 10-3 5 . 6 3  x 10-5 6.561 x 1011 
110.95 -------___-_ 2.961 10-4 2.375 1.335 6.- x 10-5 3.918 x 10-1 3.325 x 10-3 4.590 x 10-1 3.918 x 10-2 6.515 8.865 x 10-5 5.799 x l&l 
111.0 3.749 x 10-6 9.884 x 10-3 2.664 1.332 6.509 2.860 x 10-3 1.381 x 1012 
6.459 2.518 x 10-1 1.257 x lo1> 111.05 2 . 6  x lo-2 8.357 x 10-I 2.558 1.312 
1.290 3.389 4.907 1.735 6.645 x 10-5 _ _ _ _ _ _  ------ ___-__-_____ 6.759 x 10-6 6.405 111.1 1.103 x 10-I 1.565 x 10' 2.458 
1/12 3.974 x 10-1 2.755 2.281 1.246 6.322 3.193 3.305 6.296 9.312 1 681 x ino 3.027 2 341
6.074 
______-_ ---- _____-__--- 1.046 _ _ _ _ _ _ _ _ _ _ _ _  _______--__- 6.125 x 10-7 5.469 3.219 _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  1.961 x 10-7 14.166 
2.007 x 10-3 1.255 x 10-2 3.412 x 10-6 4.720 x 10-4 1.256 x 10-3 
1.7% x 10-1 1.358 x 10-4 _________--- _ _ _ _ _ _ _ _ _ _ _  1.370 x 10-5 
_-_--------- ------------ 
1.101 x 10' 1.493 _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  1.602 111.4 1.295 x loo 4.352 1.996 1.160 
111.6 2.405 5.281 1.777 1.080 1.448 5.860 2.291 3.416 
3.823 112.0 4.749 
114.0 1.356 X l &  5.498 7.850 x loo 5.4% x loo 2.426 1.254 
9.411 x 10-6 












~ O O  ------------ 1.869 x 10-4 2.483 I& 
------------ 2.919 x 10-4 2.576 
3.516 x 10-7 7.484 x 10-3 2.665 
9.532 x 1.175 X 10' 2 . 9 2  
4.001 x 2.293 2.421 
1.758 x 10-1 4.331 2.194 
7.675 x lo-I 7.498 1.807 
1.752 x LOo 9.488 1.513 
4.307 x 10' 1.U3 X LO1 1.132 
1.484 x lo1 9.358 X 10' 5.1W x loo 









6.242 x loo 
'1.308 x 10-3 1.001 x 10-5 7.947 x 1010 
1.508 x 10-5 6.760 x 1010 




1.283 1.260 x lo-I 2.566 
1.274 2.627 3.661 
1.248 5.520 5.167 
1 . ~ 6  8.340 6.173 
8.833 x 10-4 2.427 x 100 8.287 
3.736 x 10-4 1.587 x 1011 











3200 ------------ 2.127 x 2.483 x l& 1.376 x l& 
3.279 x 2.576 1.3% 
2.701 x 10-8 6.175 x 10-3 2.665 1.333 
1.331 X 10-3 1.304 x 10' 2.535 1.332 
5.872 x 10-3 2 . 3 7  2.404 1.330 
2.887 x lo-' 5.139 2.145 1.325 
1.808 X 10-I 9.900 1.651 1.310 
------------ 
6 . 5 3  x 10-1 1.376 x lo1 1.224 1.280 
2.947 x loo 1.m 7.073 x loo 1.168 
1.91 x id. 1.301 2.352 x loo 6.959 x loo 









4.466 x 2.161 
2.055 3.379 2.726 
2.029 x 1.505 x 5.243 2.4p ~ . S O  x 10-1 2.187 __---------- 1.784 x 10-7 4.933 1.847 1.922 5.669 
3.738 1.8% 4.763 2.218 1.749 1.387 ___--------- 7.990 x 10-O 3.301 1.749 2.608 6.392 
1.260 X 10-1 2.070 
1 . M  x 10-5 4.1% x 6.229 3.135 3.560 x 10-3 1.259 x 10-117.242 X 4.662 x 2.522 x 10-1 2.080 
8.728 x 10-5 1.203 x 10-3 6.386 3.131 1.004 x 4.572 x 9.542 x 10-7 6.152 x 10-5 9.161 x 2.078 
6.273 x 3.188 6.315 3.060 2.661 1.667 x 10-2 ------------ 8.3n x 10-6 3.379 
1.925 X 10-3 5.445 6.158 2.967 14.590 9.138 x 10-3 _ _ _ _ _ _ _ _ _ _ _ _  2.593 x 1.881 2.023 5.918 3.421 
Partial pressure, atm 
- r, 9( 
02 CO2 co N2 NO CN C2N2 c2 
6.421 x 10-3 9.412 5.827 2.784 8.122 4.587 _____-______ 6.962 x 10-7 9.746 x 10-3 1.960 1.081 x 100 4.440 
7,593 1.590 3.660 7.179 2.201 4.025 1.833 2.231 10-4 ___-___-_-__ _ _ _ _ _ _ _ _ _ _ _ _  1.988 7.%2 










l f 4 . 0  
5200 2.8- x 10-7 9.918 x 10-5 6.055 x 
1.179 x 2.118 x 6.335 
3.847 x 10-5 1.249 x 10-3 6.543 
1.107 x 10-3 6.571 x 10-3 6.413 
3.943 x 10-3 1.204 x 6.229 
1.372 X 2.122 5.882 
4.352 3.400 5.292 
7.985 4.187 4.811 
1.561 x 10-1 4.958 4.074 
4.372 x 10-1 4.714 2.515 
loo 3.175 x 10' 4.984 x 
3.218 1.024 x 10-3 1.493 x 10-1 2.133 x 10-5 2.089 x 10-3 1.913 x 10-1 9.389 
3.239 5.871 x 10-3 2.708 x 10-2 7.076 x 10-7 6.828 x 10-5 3.458 x 10-2 9.421 
3.151. 3.106 x 4.880 x 10-3 ------------ 2.280 x 6.319 x 10-3 9.292 
3.047 5.765 x lo-' 2.470 ____----____ 6.038 x 10-7 3.252 9.138 
8.315 x 8.333 2.534 1.746 
1.884 2.852 2.019 __---------- ________--__ 3.381 7.184 
5.189 
2.894 x 10-1 8.080 X 10-5 7.954 x 10-3 3.732 X 10-I 9.328 X 10- 
2.8% 1.041 x 10-I 1.210 __---------- 1.97 x 10-7 1.646 8.846 
2.275 2.242 3.663 5.581 7.896 
9.828 x 10-1 3.447 
5.760 x _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  
__---------- ________---- 
4.951 x 10-5 _ _ _ _ _ _ _ _ _  --- ________---- 1.148 
2 4.682 x 10-3 8.661 x 1013 
9.558 x 10-3 6.967 
5.460 X lo-' 6.711 
2.98 x 10-1 1.294 x 
5.528 X 10-I 1.735 















4800 ------------ 4.677 x 10-5 6.114 x loo 3.210 x loo 
8.940 x 10-8 9.689 x 10-5 6.382 3.252 
1.525 x 10-5 1.312 x 10-3 6.618 3.295 
2.481 x 10-3 1.630 x 6.445 3.194 
9.110 X 10-3 3.031 6.254 3.088 
3.151 X 5.323 5.906 2.897 
9.779 x 8.452 5.322 2.579 
1.766 x 10-1 1.035 x 10-1 4.850 2.323 
1.219 4.126 1.935 
3'385 9.208 1.160 2.381 1.028 
~ ~~~ ~~ 
10 ' l/O.gO 4400 ------------ 2.762 x 10-5 6.166 x 100 3.281 x loo 
4.977 x 1.370 x 10-3 6.649 3.320 
3.166 x 10-5 2.768 x 10-l 4.661 x 
1.465 x 10-3 6.527 x 10-3 2 . B O  x 10-7 7.954 x 10-5 2.765 x 10-3 1.225 
1.448 x 1o-I 1.180 x 10-1 1.218 x 10-2 1.436 x 4.200 x 1012 
110.95 7.186 10-9 5.022 10-5 6.414 3.287 5.539 x 10-5 1.649 x 10-1 1.653 x 5.126 x 7.020 x 10-2 1.219 2.510 x 3.580 
6.607 x 10-3 4.355 
111.05 5.575 X 10-3 4.449 x 6.450 3.217 4.827 10-2 1.063 x 10-4 ___--------- ___________- 8.016 x 10-5 1.206 2.211 x 10-1 2.297 x 1013 
111.1 2.020 x 8.214 x 6.2% 3.118 9.046 x 10-2 9.342 x 10-5 __--- - ----- ________--_- 4.084 1.187 4.209 3.131 
111.2 6.783 X 1.421 x 10-1 5.907 2.938 1.609 x 10-1 4.674 __---------- ________---- 2.105 1.152 7.P3 4.152 
111.4 2.022 x 10-1 2.214 5.331 2.639 2.633 2.315 __---------- ________---- 1.100 1.092 1.332 x LOo 5.266 
112.0 6.641 3.131 4.159 2.022 4.177 8.725 x 10-6 _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  4.736 9.561. x 10-3 2.413 6.532 
~ 111.0 
111.6 3.%3 2.684 4.868 2.396 3.330 1.517 __---------- ________c--- 7.%7 x 10-6 1.041 1.767 5.885 
1/4.0 1.742 x loo 2.966 2.453 1.111 5.014 2.336 x 10-6 _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  l .V l  7.086 x 10-3 3.908 7.021 
110.90 
110.95 ___- - ------ 3.754 x 10-5 6.435 3.336 1.580 x 10-5 9.645 x 2.014 x 1.113 x LO-1 1.929 x 3.257 4.498 x 10-5 4.944 
111.0 1.602 x 10-3 7.554 
111.05 1.417 x 10-1 6.677 x LOL2 
9.101 X LOL2 
10 4000 ------------ 2.297 x 10-5 6.197 x 100 3.367 x loo 
1.176 x 10-6 1.384 x 10-3 6.660 
9.205 x 10-3 1.182 x 10-I 6 . 4 ~  
1.008 x 10-5 1.469 x 10-1 4.673 x 10-4 2.558 x 10-1 2.924 x 10-2 3.972 x 10-3 2.858 x 10-5 5.866 x 1011 
5.621 x 10-4 2.801 x 10-3 .1.699 x 10-7 9.405 x 10-5 5.608 x 10-4 3.254 
4.912 x 10-2 3.019 x 10-5 ------------ - --_---_- --- 6.121 x 10-6 3.214 3.329 3.248 
111.1 3.307 x 2.166 6.217 3.169 9.197 x 10-2 1.521 x 10-4 ____----____ _ _ _ _ _ _ _ _ _ _  3.122 3.174 2.686 
111.2 1.~96 x 10-1 3.705 5.841 5.022 1.635 x 10-1 7.667 x 10-6 _ _ c _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  1.611 3.100 4.891 1.206 x 1013 
111.4 3.223 5.693 5.233 2.765 2.682 3.831 __L------__- _ _ _ _ _ _ _ _ _ _ _ _  8.417 x 10-7 2.965 8.387 1.529 
111.6 5.640 6.839 4.752 2.546 3.404 2.324 --r--------- --_---__---- 5.779 2.845 1.109 x io0 1.711 
112.0 1.045 x LOo 7.893 4.050 2.193 4.300 1.459 __L-- - - -__--  ________-__-  3.600 2.641 1.510 1.92 
114.0 2.724 x loo 7.325 2.316 1.260 5.263 3.337 x 10-7 __---------- _ _ _ _ _ _ _ _ L  --- 1.281 2.002 2.438 2.0% 
TABLE E.- CCEIPOSIl'ION OF THE PRODIEI'S OF CXANCGES-OXYGEN CCMBUSTION - Continued 
5.311 
Pa r t i a l  pressure, a t m  
P, atm cg2/02 T, OK N,, cm-3 
02 co2 co N2 NO CN c2N2 c2 C N 0 mole rat io  
1.522 6.396 
2.562 6.957 




















$00 ------------- 2.3% x 10-5 6.205 x loo ------------- 3.653 x 10-5 6.439 
1.439 x 10-7 1.197 x 10-3 6.664 
6.247 x 10-3 2 . 9 8  x 10-1 6 . m  
9.092 X 8.049 5.637 
3.116 x 10-1 1.287 x loo 4.870 
5.956 X 10-1 1.567 4.288 
2.429 x 4.5U 6 . ~ 4  
1.29 x 100 1.807 3.471 
3.483 X 10' 1.556 1.W 
3.421 x 100 









3.061 X 5.244 X 
1.442 X 1.165 x 10-3 
2.986 X 5.323 x 
5.852 X 2.570 
4.579 x 104 3.585 x 10-2 
1.u.7 x 10-1 1.208 
2.685 3.374 
3,591 1.798 
2.005 5.469 x 10-7 
4.705 4.258 x loT8 
3200 ------------- 2.658 x 10-5 6.206 x loo ----------__- 4.098 x 10-5 6.440 3 . 3 5  1.161 x lov6 8.860 x 10-3 5.545 x 10-5 1.649 x 10-1 2.376 x 8.649 9.415 x 10-7 4.374 
1 . ~ 8  x 10-8 9.935 x 10-4 6.665 3.333 2.698 x 10-5 3.883 x 10-4 1.065 x 10-7 3.218 x 10-4 1.050 x 10-5 8.583 2.205 x 10-5 5.297 
1.234 x 10-3 3.141 x 10-1 6 . 3 4  3.324 8.951 x 10-3 1.m x 10-6 ------------ ------------ 3.008 x 10-8 8.571 7.327 X 10-3 9.515 X do 











2800 ------------- 3.250 x 10-5 6.207 x loo 3.447 x i$ 
3.389 
3.333 
7.185 X 10-5 3.313 x 10-1 6.334 3.332 
3.194 x lom4 6.620 x 10-1 6.003 3.331 
1.605 x 10-3 1.32U x loo 5.341 3.328 
4.926 x 3.823 2.791 3.289 
5 . 0 n  X 10-I 5.105 1.161 3.078 
3.898 x loo 3.622 2.973 X 10-I 1.842 
-____________ 4.995 x 10-5 6.440 
6.075 x 10-l' 1.013 x 10-3 6.665 
1.104 x 10-2 2.615 4.034 3.316 
1.376 x 10-7 2.162 x 10-3 
2.020 x 10-7 1.502 x 10-3 
3.929 X 7.861 x 10-5 
1.351 x 10-3 2.172 x 10-7 
2.848 9.761 x 10-8 
6.382 3.872 
1.670 x 10-2 1.113 
3.515 x 10-2 3.632 x 10-9 
1.091 x 10-1 ___________-_ 
2.340 x 10-1 ------------- 
3.w x 10-5 3.437 x 10-I 
1.921 x 10-5 1.687 X 10-1 
_ _ _ _ _ _ _ _ _ _ _ _  3.588 x 10-9 5.261 10-8 4 . 6 9  x 10-4 











x 100 1.217 x 100 9.764 x 10-4 2.063 x 10-61J.421 x 10-4 2.160 x 10-1 1.296 x 10-1 1.965 x LO-2'1.788 x 1014' 
11.221 11.728 x 10-3 7.188 x 10-7 1.188 x 1.273 x 10-1 1.298 1.518 
1.3* 
1.280 1.553 X 10-I 1.572 
1.600 x 10-7 2.662 x i0-~6.026 x 10-41.294 
_ _ _ _ _ _ _ _ _ _ _ _  2.193 X 1.730 1.262 2.540 1.846 
6.266 x 10-7 9.246 x 10-3 1.224 4.507 2.315 2.718 ______-_____ 
1.308 ------------ 1.633 x 10-7 4.720 1.155 7.952 2.923 
1.078 X 10' 3.31 6.388 3.037 1.885 8.683 4.524 8.308 x 10-4 ------------ 7.324 x 10-8 3.161 1.094 
1.258 x 10-2 3.597 1.591 7.197 5.779 4.550 1.901 9.965 x lo-' 1.513 3.698 
3.565 x 10-2 3.399 8.931 x 10-1 3.772 7.044 l .W8 --------,--- __ --------_ 6.339 x 7.215 2.547 4.062 
1.213 
1.326 x 5.762 2.482 1.188 ------------ 6.118 x 2.889 
3.542 x 9.216 2.429 1.154 1.228 x 5.242 
1.116 x 10-3 1.552 x 10-3 2.305 1.086 2.115 












5200 1.917 x 10-7 3.241 x 10-5 2.403 x 10' 1.264 x 10' 2.589 x 8.801 x 7.473 x 1.848 x 10-3 1.799 x 10-1 5.884 x 3.855 x 100-3 6.244 x 1013 
7.703 x 10-7 6.800 x 10-5 2.516 1.276 5.213 X 4.619 2.058 x 5.043 X 9.398 x 5.912 7.726 x 10-3 4.934 
1.339 X 10-5 2.223 X 2.593 1.278 2.176 x 10-3 1.142 1.259 X 10-7 3.081 X 10-5 2.323 x 5.917 3.222 X LO-' 4.375 
1.267 x 10-1 6.900 2.071 X 1.130 X 10-3 2.551 1.245 8.446 x 10-3 2.822 x 10-3 ------------ 1.928 x 5.811 x 10-3 5.842 
7.084 X 2.032 2.479 1.206 1.537 x 1.459 x 10-3 ------------ 5.326 x 10-7 3.054 5.748 2.343 9.068 
2.448 x 10-3 3.567 2.341 1.131 2.768 7.180 x ------------ 1.374 X 10-7 1.551 5.568 4.355 1.201 1014 
7.797 x 10-3 5.720 2.103 1.005 4.656 3.407 _-_--------- ----------- 7.809 x 5.249 7.773 1.546 
1.437 x lo-' 7.048 1.909 9.0% X lo-' 5.993 2.160 5.221 4.976 1.055 X 10' 1.748 
2.825 8.344 1.612 7.494 7.653 1.184 3.144 4.531 1.480 1.969 
7.96 7.884 9.070 X 1O-I 3.944 9.323 2.879 x 10-5 _ _ _ _ _ _ _ _ _ _ _ _  ________-___ 1.053 3.287 2.485 2.164 





















4800 ------------ 1.411 x 10-5 2.432 x loo 1.284 x 10' 
5.288 x 2.971 x 10-5 2.544 1.299 1.130 X 5.826 X 7.488 X 3.129 X 10-3 7.081 X 2.322 1.225 x 10-3 1.382 
5.201 x 3.055 x 2.638 1.311 1.126 x 10-3 6.121 x 10-3 8.265 x 3.422 x 10-5 7.405 x 10-3 2.332 1.215 x 1.183 
4.731 x 2.842 x 10-3 2.574 1.272 1.057 x 6.166 x ------------ 3.579 x 10-7 7.574 x 2.297 1.159 x 1O-I 3.079 
1.740 x 10-3 5.289 2.497 1.230 1.995 3.068 3.832 2.259 2.223 4,197 
6.090 x 10-3 9.337 2.356 1.154 3.614 1.498 ___.________ _ _ _ _ _ _ _ _ _  1.932 2.188 4.159 5.622 
7.396 7.250 1.926 x 1.493 x 2.118 1.026 6.061 7.145 x 10-5 _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  9,771 x 10-5 2.063 
3.521 1.835 x 1.925 9.233 X 1O-I 7.774 4.556 _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  6.568 1.957 1.000 X 10' 8.189 
6.850 2.167 x 10-2 1.630 7.677 9.887 2.522 _-------_--_ ------------ 3.987 1.785 1.395 9.204 
1.899 X 10-1 2.051 X 9.270 X 10-1 4.073 1.199 x 10-1 6.272 x 10-6 __._________ _ _ _ _ _ _ _ _ _  1.561 1.300 2.322 1.007 X d4 
5.582 x 10-5 1.115 x 10-1 2.742 x 100-5 1.1% x 1.363 x 10-1 2.3129 x 6.088 x 1.784 x Id-3 
_ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ - _ _ _ _  
44CO ------------ 7.452 x 2.458 x loo 1.310 x loo 1.354 x 10-5 1.031 x lo-I 6.464 x 10-5 5.027 x 6.953 x 10-2 7.696 x 10-3 9.717 x 10-5 3.575 x 1012 
3.434 x 10-9 I.% x 10-5 2.560 1.514 2.421 x 10-5 6.020 x 2.203 x 10-5 l.nO x 4.054 x 10-2 7.706 1.735 x 10-4 2.888 
4.564 x 10-3 1.562 x 10-2 2.503 1.242 2.714 4.963 _______-____ _----------- 3.438 7.492 2.001 1.722 
4.805 4.312 2.129 1.042 8.067 1.192 _----_-_-_-- --_------- 9.014 x 6.864 6.492 2.946 
3.885 X 10-3 2.713 
1.043 x lo-' 1.257 x 1013 
1.721 x 3.220 x 2.657 1.325 5.445 x 2.803 x 10-3 4.776 x lo-8 3.673 x 10-5 1.879 x 10-3 7.740 
1.241 x 10-3 8.398 x 10-3 2.580 
1.567 X loe2 2.732 2.563 1.167 4.874 2.451 _ _ _ _ _ _ _ _ _ _ _ _  ________---- 1.751 7.263 3.707 2.300 
139 6.526 8.688 3.312 8.607 5.260 1.941 9.422 x 10-1 1.026 x 10-1 7.720 x 10-6 _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  6. 
1.633 x 10-1 6.1n 1.653 7.896 1.294 4.369 3.795 5.974 1.197 X LOo 3.703 
4.374 x 10-1 5.849 9.574 x 10-1 4.278 1.559 1.138 1.343 4.397 1.958 x loo 4.026 
1.283 1.439 x 10-2 9.973 x 10-5 ------------ ------------ 6.795 x 10-5 7.616 












4000 ------------ 5.884 x 2.476 x loo 1.345 x loo 4.086 x 5.791 x 7.262 x 10-5 9.945 x 1.823 x 10-2 2.068 x 10-3 1.831 x 10-5 4.941 x loll ____-_______ 9.674 x 10-6 2.571 6.440 x 10-6 3.781 x 10-2 3.096 x 10-5 4.278 x 2.900 x 10-5 4.023 
4.591 x 10-7 3.458 x 2.664 1.331 2.221 x 1.134 X 10-3 2.783 X 3.853 X 10-5 3.590 x 2.057 1.001 x 10-3 4.797 
1.517 x 10-I 5.446 1.055 x 4.916 2.498 1.256 3.270 2.220 1.998 6.812 x 10-6 _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  
3.489 x 8.429 2.355 1.19 5.788 3.437 1.151 1.945 2.759 7.219 
1.021 x 10-1 1.299 x 10-1 2.122 1.078 9.426 1.722 _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  6.062 x 10-7 1.851 
1.781 1.565 1.935 9.856 X 10-1 1.190 X 10-1 1.158 ------------ ------------ ,4.188 1.770 6.234 1.025 x 10L3 
3.282 1.813 1.652 8.412 1.492 6 .fju x 10-7 ___-______-_ _ _ _ _ _ _ _ _ _ _ _  '2.633 1.635 8.463 1.141 
8.472 1.701 9.647 x lo-1 4.765 1.805 1.809 x 10-7 _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  9. 572 x 10-8 1.231 1.359 x LOo 1.240 
1.533 1.196 x 10-2 2.059 
2.939 X 10-3 2.678 x 2.578 1.292 1.751 x loe2 1.351 x 10-5 ------------ ------------ 4.342 x 2.027 8.008 x 10-2 3.994 x 1012 
__________-_ --- ----_- 
4.721 9.163 
TABLE 11.- CCMPOSIEON OF THE PRODUCTS OF CYANWRi-OXYGEN COMBUSTION - Continued 
2.293 X 1.542 X loe4 5.052 ,2.249 4.362 
8.124 2.236 3.891 1.680 7.096 
2.296 x 10-3 2.113 2.188 8.808 x 10-2 8.638 
4.1% '1.891 4.601 2.024 85.57l 
C2N2/02 Part ia l  preseure, atm 
pJ mole r s t i o  T, OK Ne, cm-3 
N2 NO m C2N2 c2 02 co2 co C N 0 
4 110.90 $00 ------------- 5.919 X 2.482 X loo 1.%8 X 10' 1.226 x 2.094 x 4.477 x 10-5 1.260 x 10-1 2.668 x 10-3 4.135 x 3.173 x 10-6 5.557 x do 
110.95 
111.0 7.206 x 10-8 3.388 x 10-4 2.665 1.333 6.452 x 10-5 4.165 x 1.771 x 10-8 5.118 x 10-5 5.377 x 10-5 4.082 1.691 x 5.565 
111.1 1.319 x 1.341 x 10-1 2.466 1.286 2.712 8.847 x 10-7 ------------ ----- -------- 1.162 x 10-7 4.010 7.238 x 1.091 x loL2 
9.262 x 10-6 2.575 1.348 1.836 x 1.430 x 10-2 2.089 x 10-5 5.969 x 10-2 1.8% x 10-3 4.105 4.785 x 10-6 4.3% __-__________ 
1/1.05 3.581 x 10-3 7.259 x 2.561 1.310 1.426 x 1.780 x 10-6 ------------ ------------- 2.318 x 10-7 4.046 ).no x 10-2 7.926 x id.1 
_ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  5.845 x 3.937 1.342 x 10-1 1.466 
2.947 3.796 2.351 1.895 
111.6 2.495 4.312 1.823 1.073 1 . O n  x 10-1 1.374 -------_-___ _ _ _ _ _ _ _ _ _ _ _ _  1.976 3.662 3.147 2.144 
112.0 4.737 4.954 1.520 9.381 x 10-1 1.m 7.7'70 x 10-8 ------------ ------------- 1.196 3.424 4.35 2.417 
114.0 1.268 x loo 4.486 8.412 x 10-1 5.572 x 10-1 1.750 2.026 x 10-8 ------------ -- ----------- 4.045 x 10-9 2.639 7.095 
4 1/0.90 3200 ------------- 6.724 X 2.482 x 100 1.376 x 100 3.150 x 10-7 5.116 x 10-3 1.849 x 10-5 1.352 x 10-1 2.152 x 5.516 x 10-5 4.007 x 10-7 4.445 x 109 
5.955 x 10-7 3.417 110.95 ------------_ 1.037 x 10-5 2.576 1.354 4.643 x 10-7 3.543 x 10-3 8.869 x 6.594 x 1.503 x 5.470 
111.0 6.174 x 10-9 2.953 x 2.666 1.333 1.268 x 10-5 1.322 x 1.235 x 10-8 9.327 x 100-5 5.652 x 10-6 5.428 1.639 x 10-5 3.676 
111.05 1.095 X 10-3 1.185 X 10-I 2.541 1.327 5.328 x 10-3 2.985 x 10-7 ------------ ------------- 1.279 x 5.415 6.903 x 10-3 7.342 x 1010 
111.1 4.583 x 10-3 2.W9 2.419 1.320 1.087 x 10-2 1.386 x 10-7 --- --_-_-_ - --------- -_-_ 5.953 x 10-9 5.401 1.412 x 1.047 x 1d.l 
111.2 1.973 x 4.341 2.192 1.302 2.240 6.010 x 10-8 _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  2.599 
111.4 8.522 x 7.446 1.809 1.254 4.569 5.264 6.088 2.133 
111.2 4.535 x 2.318 2.298 1.240 4.9% 4.367 
111.4 1.392 X 10-1 3.587 2.030 1.153 8.340 2.122 ------------ ---__________ 
2.675 
5.%4 2.930 1.500 
1.406 x 10-1 3.082 
2.53 x 10-1 3.621 
2.343 x 10-8 _________--_ _-_---_______ 1.032 -_-_________ __--_--_____ ---------- 5.807 X 5.139 _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  ___--_--__-__ 2.834 x 10-10 4.862 
9.149 x 10-1 5.282 x 10-1 6.522 x 10-1 1.387 x 10-1 ------------ ------------ -_----------- 7.160 x 3.756 
111.6 1.94 x 10-1 9.356 1.521 1.195 6.666 9.100 2.566 
112.0 4.545 x 10-1 1.09 x io0 1.147 1.070 9.746 
114.0 1.509 x LOo 
4 lj0.90 2800 ------------- 8.223 x 2.483 x loo 1.379 x loo 5.503 x lom8 8.649 x 6.58 x 10-6 1.375 x 10-1 8.312 x 4.151 x 10-6 2.884 x 1.812 x l@ 
1'0.95 __--_________ 1.264 x 10-5 2.576 1.355 8.081 x 10-8 6.008 x 10-4 3 . 0 ~  x 10-6 6.749 x 10-2 5.824 x 10-6 4.116 4.272 x 10-8 1.391 
111.0 3.318 x 10-10 2.997 x loa4 2.666 1.333 1.8% x 2.691 x 10-5 6.166 x 10-9 1.376 x 2.630 X 10-7 4.082 9.788 X 10-7 1.226 
l/1.05 7.109 x 10-5 1.318 X 10-1 2.534 1.332 8.499 x 5.524 x 10-8 ------------ 5.804 x 10-10 5.401 x 10-10 4.081 4.531 x 2.619 X lo9 
1.789 x 10-3 2.486 x 10-8 ------------ -----------__ 2.431 x 10-lo 4.080 9.540 x 3.799 111.1 3.151 x 2.631 2.402 1.332 
111.2 1.5P X 10-3 5.233 2.139 1.329 3.990 x 100-3 9.910 x 10-9 --- ---__-_ -- ----------___ 9.700 x 4.076 2.130 x 10') 5.672 
1.023 x 10-2 2.922 4.064 5.480 x 10-3 9.070 -_--________ ___-------_-_ 2.869 
111.6 4.138 x 1.461 1.164 1.302 2.027 1.040 4.035 1.093 x 1.273 x 1O1O __---_-_-___ -------_-- 1.028 
--__-_______ __---------- ------------- 2.098 x 10-12 3.881 
111.4 1.040 x 1.024 x loo 1.628 1.321 
112.0 2.589 X LO-' 1.865 5.940 X 1O-I 1.205 4.878 2.735 1.962 
114.0 1.50 x 100 1.373 1.781 x 10-1 7.289 x 10-1 9.310 - ----------_ _-__________ ----- ---___ 2.563 x 10-13 3.018 6.712 2.667 
1 l/O.gO 6000 5.341 x 1.583 x 10-5 4.943 x 10-1 2.37J x 10-1 7.798 x 10-4 9.192 x 10-3 1.912 x 10-8 1.148 x 10-5 9.699 x 1.160 X 10-1 4.534 X 2.671 X 1014 
110.95 8.29 x 2.017 5.056 2.345 9.658 x 10-4 7.500 1.273 x 10-8 7.734 x 10-6 7.962 1.153 5.649 2.499 
111.0 1.272 X 10-5 2.531 5.122 2.309 1.187 x 10-3 6.088 8.387 x 10-9 5.174 6.512 1.144 6.998 2.358 
1J1.05 1.902 3.109 5.145 2.266 1.438 4.953 _ _ _ _ _ _ _ _ _ _ _ _  3.490 5.348 1.133 8.558 2.252 
111.1 2.745 3.724 5.130 2.218 1.709 4.067 _ _ _ _ _ _ _ _ _ _ _ _  2.404 4.439 1.121 1.028 x lo-1 2.181 
111.2 5.078 4.959 5.022 2.113 2.269 2.858 - -. --_-_--_ - 1.246 3.196 1.094 1.398 2.119 
111.4 1.181 x 7.048 4.680 1.902 3.284 1.656 _ _ _ _ _ _ _ _ _ _ _ _  4.649 x 10-7 1.952 1.038 2.133 2.149 
111.6 2.015 8.4% 4.320 1.n6 4.073 1.112 9.863 x 2.785 2.225 
112.0 3.809 1.001 X 3.703 1.421 5.096 3.829 2.349 6.310 x 10-4 _ _ _ _ _ _ _ _ _ _ _ _  ___----.--___ 8.604 x 10-3 8.976 
114.0 1.067 x 10-3 9.601 x 10-5 2.121 7.250 X 10-2'6.092 6.408 2.453 1.543 x 10-4 _ _ _ _ _ _ _ _ _ _ _ _  ___-----_____ 2.945 x 10-3 6.411 
_ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  1.380 
5.981 10-4 _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  4.471 15.571 2.043 1.074 x 1014 
2.115 _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  1.8% 4.815 3.845 1.324 
5.124 x 10-5 ___--_---___ _ _ _ _ _ _ _ _ _ _ _ _  6.121 x 10-4 3.4% 6.464 1.446 












TABLE TI.- CCMFOSITION OF THE PRODUCTS OF CYANCGEN-OXYW CCMBUSmON - C o n t i n u e d  
P a r t i a l  pressure, atm ' J  
! 1 1 l/O.gO 15200 
1.480 x 2.415 
____------__ 3.647 2.820 
2.920 2.024 6.615 x ------------ 4.519 x 10-7 2.813 2.828 6.271 3.427 
5.784 2.746 3 . d l  3.345 _-__-___-_-_ -- --------- 1.467 2.743 1.138 x 10-1 4.393 
2.827 x 3.275 
5.074 x 10-5 1.341 x 10-4 6.113 
j U0.95 
111.0 
1/12! 1.670 x 2 . ~ 2  
111.4 5.263 3.672 5.198 2.445 5.966 1.598 ____-_-_____ ------------_ 7.428 x 2.588 2.019 5.601 _____--_____ __----_------ 4.965 2.456 2.741 6.326 111.6 9.693 4.521 4.n5 2.201 7.682 1.013 ' 112.0 1.908 x 10-3 5.346 3.974 1.830 9.827 2.239 3.845 7.130 5.553 x 10-5 _ _ _ _ _ _ _ _ _ _ _ _  ______-_-___ - 2.983 
114.0 5.383 x 100-3 5.025 2.224 9.732 x 10-2 1.204 x 10-2 1.349 x 10-5 _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  9.938 x 10-5,1.633 6.459 7.871 
1 i 1/0.90 4800 _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  6.022 x 10-1 3.197 x 10-1 2.042 x 10-5 1.878 x 10-2'7.779 x 10-7 1.321 x 10-3 , 4.601 x 10-21.152 X 4.464 x 1.071 x LO1) 
9.057 X 8.088 X 10l2 
5.476 X 10'3 6.148 x 1 O l 2  
111.05 3.465 x 10-5 1.914 x 6.404 3.142 1.423 x 10-3 2.817 x 10-4 ------------ ------------- 6.962 x 10-4 1.142 3.137 x 1.149 x 1013 
I 110.95 ------------ ------------ 6.314 '3.221 4.159 x 10-519.744 x 10-3 2.@4 x 10-713.529 x ! 2.378 x 1.156 
, 1/1.0 4.072 x 10-3 1.158 
i l/l.l ! 1.245 10-4 3.522 6.215 3.041 2.6% 1.419 x 10-4 _ _ _ _ _ _ _ _ _ _ _ _  ______------  3.564 1.123 5.948 x 1.545 
111.2 . j4.5664 x 6.216 5.861 2.856 4.813 16.927 x 10-5 ____________~_____-___---- 1.795 11.088 1.113 X 10-1 2.065 
, 111.6 '2.569 1.227 x 10-3 4.768 2.289 1.045 x 10-2 2.079 6.021 9.747 x 10-3 2.701 3.027 
1/2.0 5.047 1.450 4.020 1.906 1.337 1.141 __-_-------- ------------- 3.621 8.894 3.786 3.418 
! l . O d  x 3.411 x 10-5 6.538 3.230 2.518 x 10-4'1.67l x 10-3 6.160 x 10-9 1.035 x 10-5 
' 1 111.4 1.394 x 10-3 9.970 5.258 2.542 8.118 '3.281 ___-_--_--__ ------------ 9.013 x 10-5 1.027 1.990 2.671 _ _ _ _ _ _ _ _ _ _ _ _  _________---- 
114.0 I ,1.416 x 10-2 1.562 2.254 1.019 1.638 2.793 x 10-6, _ _ _ _ _ _ _ _ _ _ _ _ ,  ___-__--_-_-- 1.212 6.504 6.342 3.778 
110.95 ___-_-__--_- 6.374 3.276 7.533 x 1.201 x 10-2 8.773 x 10-7 2.729 x 10-3 1.620 x 10-2 3.848 1.081 x 10-4 1.851 
4 
1 l/o.go 
111.0 3.361 x 10-7 3.548 x 10-5 6.625 3.298 1.200 x 7.890 x 3.785 x 100-9 1.170 X 100-5 1.060 X 10-3 3.861 1.717 x 10-3 1.336 
111.1 3.697 x 1.109 x 10-3 6.248 3 . W  3.853 2.17l _ _ _ _ _ _ _ _ _ _ _ _  ___________-- ' 3.015 3.738 5.694 x 10-2 6.513 
111.2 1.298 x 10-3 1.961 5.891 2.902 6.996 1.059 1.517 3.622 1.067 x 10-1 8.757 
3.217 '-_---------- _ _ _ _ _ _ _ _ _ _ _ _ _  5.144 3.245 2.567 1.282 111.4 4.1og 3.133 5.291 _ _ _ _ _ _ _ _ _ _ _ _  ___--__--_--- 3.119 2.964 3.579 1.444 111.6 7.514 
114.0 4 . 0 9  x 4.273 2.302 1.044 2.341 4.451 x 10-7 _ _ _ _ _ _ _ _ _ _ _ _  ______-_-_-__ 1.063 2.173 5.951 1.591 
110.90 ------------ 7.614 x 10-7 6.176 x 10-1 3.356 x 10-1 1.059 x 10-6 ,1.390 x 10-2 4.185 x 10-6 2.298 x 10-2 8.767 x 100-3 1.033 x 10-3 9.503 X 10-6 3.366 x 1011 
110.95 - __-___--- -  1.272 x 10-6 6.419 1.696 x 10-6 8.945 x 10-3 1.733 x 10-6 9.594 x 10-3 5.664 x 10-3 1.029 1.528 x 10-5 2.664 
4.985 x 10-5 3.150 x 4.497 X 2.319 111.0 9.267 x 3.882 x 10-5 6.655 3.323 2.149 x 10-9 1.192 x 10-5 1.996 x loT4 1.028 
111.05 3.243 x 2.226 x 10-3 6.452 2.901 x 10-3 5.080 x 10-6 ------------ ------------- 3.272 x 10-6 LOU 2.660 x 10-2 1.629 x 1012 
111.1 1.191 X 10-3 4.137 6.256 3.116 5.4n 2.529 _ _ _ _ _ _ _ _ _ _ _ _  __-_-_------- 1.655 x 10-6 9.954 x 10-4 5.098 2.235 
111.2 4.076 x 10-3 7.220 5.902 2.933 9.822 1.251 8.443 x 10-7 9.658 9.430 1 647 x 10-1 2.990 3 837
111.4 1.243 x 1.135 x 5.315 2.628 1.624 x 10-2 6 . 1 ~  x 10-7 .___________ _ _ _ _ _ _ _ _ _ _ _ _  4.353 9.142 
111.6 2.218 1.382 4.842 2.382 2.065 3.967 _ _ _ _ _ _ _ _ _ _ _ _  ____--_---_-- 2.969 8.704 2.200 4.321 
112.0 4.188 1.616 4.121 2.007 2.604 2.255 ___-________ -_---------- 1.839 7.989 3.023 4.842 
114.0 1.110 x 10-I 1.523 2.385 1.108 3.151 5.954 x 10-8 _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  6.535 x 10-8 5.936 4.923 5.305 
4400 ------ ------ ------------ 6.104 x 10-1 3.265 x 10-1 4.026 x 10-6 2.145 x 10-2 2.797 x 10-6 8.732 x 10-3 2.897 x 10-2 3.841 x 10-3.5.789 x 10-5 2.413 x 1012 
2.95) X 4.745 1 111.05 19.942 x 10-5 5.934 x 6.443 3.195 2.031 x 10-3 4.390 x 10-5 ________---_ - _ _ _ _ _ _ _ _ - - - - '  5.996 x 10-5 3.800 
__-_-------- ------------ 
2.586 1,175 x 10-2 5.045 x 10-6 _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  7.660 x 10-6 3.418 1.898 1.133 x lOl3 
3.848 4.805 2.330 1.508 




_ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  
C2N2/02 Ne, cm-3 
m o l e  ratio T, 9[ 











5600 ------------ 7.431 x 10-7 6.202 x 10-1 3.418 x 10-1 3.080 x 10-7 5.207 x 10-3 2.768 x 1076.3.119 x 10-2 1.327 x 10-3 2.067 x 10-4 1.594 x 10-6 3.483 x 1010 _ _ _ _ _ _ _ _ _ _ _ _  1.165 x lo-6 6.437 3.369 4.621 x 10-7 3;550 x 10-3 1.286 x 10-6 1.471 x 9.116 x 2.052 2.409 x 10-6 2.651 
1.958 x 10-8 4.415 x 10-5 6.664 3.331 1.681 x 10-5 9.985 x 10-5 1.018 x 10-9 1.177 x 10-5 2.579 x 10-5 2.040 8.817 x 10-5 2.854 
1.848 x loT2 3.920 X 1d.l 8.607 x 8.941 x 10-3 6.436 .3.244 3.479 x 10-3 4.539 x 10-7 ------------ 2.498 x lo-' 1.188 x 10-7 2.014 
1.008 X 2.786 5.860 3.011 1.147 x 1.163 3.160 1.940 6.327 7.099 
,2.926 4.263 5.264 2.751 1.868 5.863 x 10-8 _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  1.666 1.854 1.078 x 10-I 9.036 
'5.075 5.111 4.791 2.532 2.560 3.888 _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  1.152 1.779 1.419 1.014 x LOL2 
1.921 1.133 9.298 
2.377 X 10-1 5.463 
3.073 x 10-3 1.635 x 6.227 3.162 6.489 x 10-3 2.295 6.083 x 1.988 3.493 5.348 _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  __________-_- 
2.270 _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  7.241 x 10-9 1.652 4.077 2.184 2.967 
'888 2.566 1.274 3.624 6.292 x 10-9 _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  2.627 x 10-9 1.262 3.072 1.246 
i L  




Part ia l  pressure, atm 
c 9 2 p 2  N, cm-3 PJ atm mole ratio T J  
02 COP co N2 NO CN c2N2 c2 C N 0 
4.379 4.522 1.9~1 2.286 2.856 4 .n4  7.237 2.768 1.159 ?:E x 10-5 15.173 3.832 1.586 2 . 9 4  1.570 _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  2.865 '6.593 155; 1.273 












2.004 x 10-7 2.718 x 109 
2.979 x 10-7 2.001 
1.012 5 560 x 10-5 3 2.045 4 653 x ldo 
2.092 8.924 
1 . ~ 1  x 10-2 6.494 
3.824 1.186 x 1011 
5.242 1.365 
7.395 1.569 
1.238 x 10-1 1.784 
w 
0 
0.1 lfO.90 4000 ------------- 2.797 X 
110.95 __---________ 4.984 x 10-8 
111.05 4.366 x lo-6 2.580 x 10-5 
111.2 5.766 x 10-5 8.561 
111.4 i.89 x 10-4 1.370 x 10-4 
111.6 3.378 1.684 
111.0 6.07l x 10-9 9.909 x 10-7 
111.1 1.633 x 10-5 4.836 
TABLE 11.- CCMPOSITION OF TEE PRODUCTS OF C ~ ~ - O x y ( w  CCaWUSTION - Continued 
6.123 x 10-2 3.327 x 10-2 1.235 x 10-7 ' l . l n  x 10-3 2.971 x 3.521 x 10-6 1.91 x d l  
6.383 3.m 2.105 x 10-7 7.121 x 1.0% x 10-8 6.118 x 10-4 1.430 x 10-3 3.243 6.020 x io-6 1.226 x ioll 
6.637 3.306 4.025 x 3.872 x 10-5 3.246 x 1.809 x 7.779 x 10-5 3.245 1.151 X 7.106 X do 
6.443 3.202 1.062 x 10-4 1.379 x 10-6 ------------- ------------ 2.816 x 10-6 3.191 3.086 x 10-3 3.126 x 1011 
6.245 3.099 2.021 6.801 x 10-7 ------------- ------------ 1.411 x 10-6 3.139 5.969 x 10-3 4.305 
5.884 2.912 3.681 4'3.305 --__L---_-___ --_-_-__---- 7.076 x 10-7 3.043 1.122 x 10-2 5.805 
5.275 2.599 6.209 1.567 3.552 2.875 2.003 7.535 
9.960 x 10-8 _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  2.376 2.731 2.715 8.549 4.781 2.345 7.996 
1.645 x 10-3 2.346 x 10-3 3.253 x 
----------_-_ ------__---- 
' 1  mole r a t i o  T, 9( 




















~~ ~ ~~ 
Partial pressure, a t m  
Ne, cm-3 
COP co N2 NO CN c2N2 c2 C N 0 
1.840 x 10-7 5.864 x 10-2 3.059 x 10-2 4.660 x 10-6 7.669 x 10-4 1.297 x 10-9 2.502 x 10-5 6.074 x 10-3 3.563 x 10-3 3.293 x 10-4 3.918 x 1012 
3.563 6.134 3.060 8.629 x 10-6 4.334 4.143 x 10-10 7.348 x 10-6 3.431 3.564 6.097 x 10-4 3.077 
9.261 6.294 3.09 2.178 x 10-5 1.749 6.747 x 10-11 1.205 x 10-6 1.3% 3.550 1.544 x 10-3 2.409 
2.220 x 10-6 6.237 2.969 5.207 7.083 x 10-5 ____--_______ 5.695 x 10-4 3.510 3.735 2.552 ________-___ 
3.708 6.086 2.882 8.782 3.980 -_-_-----____ --- --__L--- 3.247 3.458 6.393 3.010 
1.697 3.355 1.157 X 3.807 
1.244 4.689 2. 181 3.327 6.124 ____--_______ --- ______ 5.744 3.008 2.785 5.460 
6.351 5.758 2.712 1.5'42 X lou4 2.017 ------------_ ------------ 
1.012 X 10-5 5.172 2.420 2.583 9.650 x 10-6 _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  8.594 x 10-5 3.169 2.053 4.836 
1.469 3.949 1.818 4.259 3.359 ------------- ------__---- 3.451 2.747 3.903 6.1% 
1.376 2.206 9.776 x 10-3 5.235 1.1% 2.014 6.544 6.810 






bkX3 2.692 x 9.313 x 10-9 6.144 x 10-3,j.O51 x 10-3 3.272 x 10-7 2 . 4 9  x 10-5 3.771. x 1.256 x 3.475 x 3.719 X 4.859 X 10-5 2.690 X 10” 
1.51 x 1.922 2 . U  x 10-9 2.682 x 6.318 3.037 ‘9.l28 x 10-7 9.108 x 10-6 5.044 x 10-13,1.693 x 10-7 1.276 x 10-4 J.705 
1.504 x 10-8 7.084 x 10-8 6.252 ,2.965 2.407 x 10-6 3.35 ________--___ _-___-__-___ 4.729 x 10-5 3.661 3.632 1.951 
4.612 x 10-8 1.W x 10-7 6.093 2.877 4.152 1. ti29 ________-____ _ _- --__--_ 2.633 3.606 6.359 2.307 
1.161 x 10-3 2.931 3.498 9.185 x 10.0-7 _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  1 . 5 2  1.558 x 10-7 2.086 x 10-7 5.758 2.708 7.355 
w 
Iu 
TABLE II.- COMPOSITION OF THE PRODJCPS OF CLANOGW-OXYGEN CCMBUSTION - Concluded 
x 10-4 3.321 x 10-6 5.014 x 1010 
x 10-5 6.162 x 10-4 7.789 
4.733 x 10-8 _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  3.412 9.036 2.073 1.36361 
13.207 x 10-5 2.537 
3.202 X 5.703 
1 ---_ __-___- _ _  - _ _ _ _ _  ___--- 6.820 x 10-7 9.562 1.158 x 10-3 1.048 x loll 
8.587 2.815 1.546 
3.253 
2.875 1.194 x 10-5 1.001 
2.020 
2.607 -__--________ _ _ _ _ _ _ _ _ _ _ _  2.275 2.999 X 
1.106 x 10-7 1.508 x 2.323 x 10-13 2.698 x 10-7 3.904 x 10-6 2 . 0 5  x 10-5 5.812 x 10-6 2.545 x 109 
TABLE 111.- ADIABATIC FLAME TEMPERATURES AND ELECTRON CONCENTRATIONS 
FOR VARIOUS CYANOGEN-OXYGEN M0I;E RATIOS AND COMBUSTION PRESSURES 
AS DETERMINED BY GRAPHICAL METHODS 







m o l e  r a t io  





C 2 N 2  / 02 











P = 1 a t m  




































9.80 x 1011 
3.82 x 1012 
1.02 x 10k3 
4.70 x 1012 
1.98 x 1012 
1.17 x 10l2 
7.10 x 1011 
1.38 x 
7.35 x 1012 
9.10 x 1012 
N,, cm-3 
2.53 x l0l2 
1.07 x 1013 
3.75 x 1013 
6.85 x 1013 
6.35 x 1013 
4.22 x 1013 
2.55 x 1013 
1.80 x 1013 
1.30 x lol3 
~ 
2.50 x 1012 
I P = 4 a t m  
i 
2 4260 4624 4955 4835 4631 4311 3993 3870 3nO 3340 
N,, cm-3 
1.83 x 10l2 
1.95 x 1013 
3.25 x 1 0 ~ 3  
2.90 x 1013 
1.80 x 1013 
8.80 x 1012 
6.40 x 1012 
3.80 x l0l2 
7.30 X lo1* 
7.70 X 1011 












3.30 x 10l2 
1.67 x 1013 
9.50 x 1013 
2.00 x 1014 
1.95 x 101.4 
1.60 x 1014 
1.10 x 101.4 
8.60 x 1013 
5.80 x 1013 
1.10 x 1013 
33 
34 
TABU 111.- ADIABATIC FLAME TEMPERATURES AND ELECTRON CONCENTRATIONS 
FOR VARIOUS CYANOGEN-OXYGEN M O U  RATIOS AND COMBUSTION PRESSURES 
AS DETERMINED BY GRAPHICAL METHODS - Concluded 
P = 100 a t m  
C 2 N 2  102 
mole r a t i o  
1/0.90 










02, percent .  
by volume 
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-. . . 
_. .. 
~ __ ~ 
P = 0.01 a t m  




























P = 0.1 a t m  












2.42 x 1O1l 
7.60 x 1011 
1.32 x 1012 
1.30 x 1012 
6.50 x 1011 
1.43 x 1011 
7.60 x 1010 
3.60 x 1010 
7.80 x 109 
1.07 X 10l2 






Mole f ract ion of flame species 
mole ra t io  02 COP co N2 NO CN c2N2 c2 C N 0 
p, atm c@2/02 
1/4.0 3.66 x 1o-I 2.28 x 10-1 1.p x 10-1 1.52 x 10-1 6.15 x 10-2 8.00 x 100-9 , ------------ ----------- 5.00 x 10-10 3.08 x 10-5 5.80 x 10-2 
3.58 x 10-1 1.68 x 10-1' 1.76 x 10-1 1.54 x 10-1 3.16 x 10-2 ----------- ------------ 
3.45 x 10-1 1.48 x 10-1 1.79 x 10-1 1.57 x 10-1 2.20 x 10-2 ----------- ------------ 
3.25 x 10-1 1.40 x 10-1 1.80 x 10-1 1.57 x 10-1 1.57 x 10-2 ------_____ __--__-___-- 










2.18 x 10-5 6.42 x 10-1 3.26 x 10-1 
7.70 x lod 6.40 x 10-1 3.27 x 10-1 
4.10 x 6.34 x 10-1 3.27 x 10-1 
1.30 x 1 0 4  6.50 x 10-1 3.21. x 10-1 
5.35 x 10-7 6.28 x 10-1 3.17 x 10-1 
7.97 x 6.20 x 10-1 3.30 x 10-1 
2.55 X 6.17 x 10-1 3.30 X 10-1 
l .U x 6.13 x 10-1 3.31 x 10-1 
3.40  x 10-7 6.08 x 10-1 3.30 x 10-1 
1.43 x 10-5 2.28 x 10-2 1.s x 
1.40 x 10-5 1.77 x 10-2 9.80 x 10-6 
1.50 x-10-5 6.10 x 10-3 2.20 x 10-8 
1.17 x 10-5 3.18 x 10-3 1.06 x 10-9 
2.25 x 10-6 2.41 x 10-2 4.67 x 10-5 
2.00 x 1.83 x 3.50 x 10-6 
1.80 X 1.17 x 2.35 x 10-7 
1.73 x 10-5 1.10 x 10-2 4.35 x 10-7 
2.42 x 10-6 2.78 x 10-2 5.37 x 10-4 
2.51 x 10-3 5.18 x 10-3 
1.00 x 10-3 1.97 x 
6.85 x 2.65 x 
4.63 x 2.95 x 
1.85 x 10-2 3.20 x 10-3 
1.80 x 10-2 8.60 x 10-3 
1.12 x 10-2 2.90 x 
1.92 x 10-3 1.12 x 10-2 
1.50 x 10-2 1.n x 10-2 
2.52 x 10-3 2.88 x 10-5 
2.55 x 10-3 8.30 x 10-5 
6.70 x 10-3 3.08 x 
1.22 x 10-2 6.80 x 
2.00 x 10-2 1.37 x 10-3 
3.08 10-4 3.21 x 10-6 
2.08 x 10-3 2.20 x 10-5 
8.80 x 9.00 x 10-6 
















1/1.0 4.70 x 4.75 x 6.62 x 10-1 3.30 x 10-1 
2.57 x lo-6 1.27 x 6.59 x 10-1 3.26 x 10-l 
1.18 x 3.40 x 10-5 6.54 x 10-l 3.21  x 10-1 
4.75 x 10-7 9.41 x 6.43 x 10-I 3.13 x 10-1 
1.91 x 10-7 2.69 x 6.33 x 10-1 3.09 x 10-1 
l / l . 0 5  6.50 x 6.40 x 10-3 6.46 x 10-1 3 . a  x 10-1 
2.05 x 1.35 x 10-3 6.44 x 10-1 3.18 x 10-1 
3.80 x 10-5 2 . U  x 6.41 x 10-1 3.15 x 10-1 
8.10 x lod 3.80 x 10-5 6.33 x 10-1 3.08 x 10-1 
1.71 x 8.45 x 6.20 x 10-1 3.05 x 1O-I 
1/1.1 2.63 x 10-3 1.43 x 10-2 6.24 x 10-1 3.12 x 10-1 
1.14 x 10-3 3.90 x 10-3 6.25 x 10-1 3.10 x 10-1 
3.80 x 10-5 1.06 x 6.20 x 10-1 3.02 x 10-1 
7.15 x 10-6 1.92 x 10-5 6.12 x 10-1 2.95 x 10-1 
2 . 9  X 7.00 x 6.24 x 10-1 3.07 x 10-1 
5.00 x 7.50 x 2.50 x 10-3 1.70 x 10-3 
7.03 x 10-6 2.10 x 10-3 6.20 x 10-3 3.55 x 10-3 
1.01 x 10-5 4.70 x 10-3 1.31 x 6.20 x 10-3 
1.38 x 10-5 7.90 x 10-3 2.15 x 8.90 x 10-3 
1.72 X 10-5 1.12 X 3.38 X 1.23 X 
2.62 x 3.83 x 10-5 1.95 x 10-3 1.82 x 
6.20 x 1.24 x 4.47 x 10-3 2.71 x 10-2 
_ _ _ _ _ _ _ _ _ _ _  1.55 x 10-3 1.88 x 3.33 x _ _ _ _ _ _ _ _ _ _ _  3.50 x 10-3 3.05 x 3.60 x 10-2 
4.80 x 10-9 1.16 x 10-5 1.47 x 10-3 3.11 x _____--__-- 2.30 x 10-5 2.71 x 10-3 4.88 x 10-2 _ _ _ _ _ _ _ _ _ _ _  7.90 x 10-5 5.75 x 10-3 5.85 x 
__-____-__- 1.00 x 10-3 2.38 x 10-2 6.27 x 10-2 
----------- 5.40 10-4 1.02 10-2 3.10 x 10-2 
___-------- 3.50 x 10-4 1.28 x 10-2 6.13 x 10-2 
Type of 
equation 
~~ r Gaseous molecules I Gaseous atoms 
l o  1 0  ~ 0 ( 1 ) 0 ( 0 ~ ~ 0  I O ( O 1 - 2  0 
O I -63 
- 0  I -64 I 
0 -67 
0 -6% 
O Po 0 0 0 -- +-:; 1 ::I 1 :I I $, IPNO ' 
I -+ 1 
Pressure pNO 1 PCN P C ~ N 2  pC2 pC pN (#PO 0 Plage 6 ---- 
Figure 1.- General matrix of correct ion equations f o r  combustion of 1 mole of C2N2 with 1 mole of O2 a t  1 atmosphere 
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C,N2/02 mole ratio 











A Ref. 25 (10 species used) 
Present  calculations 
Ref. 24 ( 6  species used) 
Ref. 26 (10 species used) 
Ref. 5 ( 5  species used) 
1 
~ ... I- . ... 
J I 1 I 1 L _ _ l - I _  




Figure 3.-  name temperature as a f i n c t i o n  of pressure for c ~ N ~ / o ~  mole ratio of 111. 
38 
I I I I I I 1 




Figure 4.- Electron concentration as a function of temperature f o r  various reactant mixtures 
of C.-p2/o2 at p = 1 atm. 
39 
I 
60 65 70 75 80 
Percent by volume 02 in reactant mixture 
Figure 5.-  Electron concentration a s  a funct ion of O2 concentration i n  i n i t i a l  reac tan t  mixture 












d Concentration of KO' i:i f l g r n e  Concentration df electrolls i n  flame - - - - - -  
I 1 I I I I I 
Tf, "K 
Figure 6.- Mole f r a c t i o n  of NO+ and e lec t rons  as a f'unction of flame temperature f o r  
var ious pressures .  
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Figure 7.- Mole fraction of neutral species as a function of equilibrium temperature for C2N2/02 mole 
ratio of 111.0 and P = 1 atm. (The adiabatic flame temperature gives pi value for given initial 
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(a) P = 100 atm. 
Figure 8.- Mole f r a c t i o n  of n e u t r a l  species  as a funct ion of percent by volume 02 i n  reac tan t  mixture. 
43 
. .. ,. ,... , . , . . , . . . . ... .- .. . . . . . .
I 
75 
Percent by volume 02 in reactant mixture 
(b) P = 10 a t m .  
Figure 8.-  Continued. 
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Percent by volume 02 in reactant mixture 
( c )  P = 1 a t m .  
Figure 8.-  Continued. 
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(a) P = 0.1 at" 
Figure 8.- Continued. 
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Percent by volume 02 in reactant mixture 
(e) P = 0.01 a t m .  
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( a )  c ~ N ~ / o Z  = 111.0. 
Figure 9.- Mollier char t  for C g 2 / 0 2  combustion products.  Charts a r e  based on mole of 
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(b) C2N2/02 = 111.05. 
Figure 9.- Continued. 
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(c) C2N2/02 = 112.0. 
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Figure 10.- Electron concentrat ion as a funct ion of H/RTo f o r  var ious pressures .  To = 273.2' K; 
Po = 1 atm. 
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WRT, 
(b) C ~ N 2 / 0 2  = 111.05. 
















-Langley, 1964 L-3712 
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Figure 10.- Concluded. 
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“The aeronautical and space activities o f  the United States shall be 
conducted so as to contribute . . . to  the expansiou of hiinian kitowl- 
edge of phettometia i n  the atmosphere and space. The Administration 
shall provide for  the widest p racticable aizd appropriate dissemination 
of inf ormation conceniiiig its activities and the results thereof.” 
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